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IiTGAKD FOR THE C-KIT RECEPTOR AND METHODS OF USE THEREOF 

This invention is a continuation-in-part application of U.S. 
Serial No. 549,306, filed October 5, 1990, which in turn is 
a continuation-in-part of U.S. Serial No. 573,483, filed 
August 27, 199Q, the contents of which are hereby 
incorporated by reference into the present application. 

The invention described herein was made in the course of 
work under Grant No. ROl-CA 32926 and ACS MV246D from the 
National Institute of Health and American Cancer Society, 
respectively. The United States Government has certain 
rights in this invention. 

Background of the Invention 

Throughout this application various publications are 
referred by arabic numerals to within parenthesis. Full 
bibliographic citations for these references may be found at 
the end of the specification immediately preceding the 
claims. The disclosures for these publications in their 
entireties are hereby incorporated by reference into this 
application to more fully describe the state of the art t 
which this invention pertains. 

The c-kit proto-oncogene encodes a transmembrane tyrosine 
kinase receptor for an unidentified ligand and is a member 
of the colony stimulating factor-1 (CSF-1) - platelet- 
derived growth factor (PDGF) - kit receptor subfamily (7, 
41, 57, 23). c- kit was recently shown to be allelic with 
the white - spotting (W) locus of the mouse (9, 17, 35). 
Mutations at the W locus affect proliferation and/or 
migration and differentiation of germ cells, pigment cells 
and distinct cell populations of the hematopoietic system 
during development and in adult life (47, 51) . The effects 



WO 92/03459 PCT/US91>06130 ,< 



-2- 



on hematopoiesis are on the erythroid and mast cell lineages 
as well as on stem cells, resulting in a macrocytic anemia 
which is lethal for homo zygotes of the most severe W alleles 
(46), and a complete absence of connective tissue and 
mucosal mast cells (72) . w mutations exert their effects in 
a cell autonomous manner (28, 46), and in agreement with 
this property, c- kit RNA transcripts were shown to b 
expressed in targets of w mutations (35) . High levels of c- 
fcit RNA transcripts were found in primary bone marr w 
derived mast cells and mast cell lines. Somewhat lower 
levels were found in melanocytes and erythroid cell lines. 

The identification of the ligand for c-kit is of great 
significance and interest because of the pleiotrbpic effects 
it might have on the different cell types which express c- 
kit and which are affected by W mutations in vivo . 
Important insight about cell types which may produce the c- 
kit ligand can be derived from the knowledge of the function 
of c-kit/W. The lack of mast cells both in the connective 
tissue and the gastrointestinal mucosa of W/W v mice 
indicated a function for c- kit in mast cell development. 
Mast cells derived from bone marrow (BMMC) are dependent on 
interleukin 3 (IL-3) and resemble mast cells found in the 
gastrointestinal mucosa (MMC) (92, 93). Connective tissue 
mast cells derived from the peritoneal cavity (CTMC) in 
vjtro require both IL-3 and IL-4 for proliferation (79, 75). 
The interleukins IL-3 and IL-4 are well characteriz d 
hematopoietic growth factors which are produced by activated 
T-cells and by activated mast cells (92, 94, 95, 96, 97). 
An additional mast cell growth factor has been predicted 
which is produced by f ibroblasts (47) . In the absence of 
IL-3, BMMC and CTMC derived from the peritoneal cavity can 
be maintained by co-culture with 3T3 fibroblasts (98). 
However, BMMC from W/W v mice as well as mice horn zygous for 
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a number of other W alleles are unable to proliferate in the 
fibroblast co-culture system in the absence of IL-3 (99 , 
100, 38) . This suggested a function for the c- kit receptor 
in mature mast cells and implied that the ligand of the c- 
kit receptor is produced by fibroblasts. Huff and coworkers 
recently reported the stimulation of mast cell colonies from 
lymph node cells of mice infected with the nematode 
Nippostronglyus brasiliensis by using concentrated 
conditioned medium from NIH 3T3 fibroblasts (84) . A short 
term mast cell proliferation assay was developed which means 
to purify a f ibrob? »st derived activity (designated KL) 
which, in the absence of IL-3, supports the proliferation of 
normal BMMC's and peritoneal mast cells , but not W/W v 
BMMC's. In addition, KL was shown to facilitate the 
formation of erythroid bursts (BFU-E) . The biological 
properties of KL are in agreement with those expected of the 
c-kit ligand with regard to mast cell biology and aspects of 
erythropoiesis. Th* defect W mutations exert is cell * 
autonomous; in agi^ement with this property, there is 
evidence for c-kit RNA expression in cellular targets of W 
mutations (3 5, 39). The recent characterization of the 
molecular lesions of several mutant alleles indicated that 
they are loss-of -function mutations that disrupt the normal 
activity or expression of the c- kit receptor (35, 100, 101, 
36) . 

Mutations at the steel locus (SI) on chromosome 10 of the 
mouse result in phenotypic characteristics that are very 
similar to those seen in mice carrying W mutations, i.e., 
they affect hematopoiesis, gametogenesis, and melanogenesis 
(5, 47, 51). Many alleles are known at the SI locus; they 
are semidominant mutations, and the different alleles vary 
in their effects on the different cell lineages and their 
degree of severity (47, 51). The original SI allele is a 
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severe mutation. SIISI homozygotes are deficient in germ 
cells, are devoid of coat pigment, and die perinatally of 
macrocytic anemia (5, 50). Mice homozygous for the si 
allele, although viable, have severe macrocytic anemia, 
lack coat pigment, and are sterile. Both SII + and Sl d /+ 
heterozygotes have a diluted coat color and a moderate 
macrocytic anemia but are fertile, although their gonads are 
reduced in size. In contrast to W mutations, si mutations 
are not cell autonomous and are thought to be caused by a 
defect in the micro-environment of the targets of these 
mutations (28, 30, 12). Because of the parallel and 
complementary characteristics of mice carrying SI and W 
mutations, we and others had previously hypothesized that 
the SI gene product is the ligand of the c-kit receptor (51 
15 9). 

The proto-oncogene c-kit i s the nor mal cellular counterpart 
of the oncogene v-kit of the HZ4 - feline sarcoma virus (7) . 
c-kit encodes a transmembrane tyrosine kinase receptor which 
is a member of the platelet derived growth factor receptor 
subfamily and is the gene product of the murine white 
spotting locus (9, 17, 23, 35, 41, 57). The demonstration 
of identity of c-kit with the w locus implies a function for 
the c-kit receptor system in various aspects of 
25 melanogenesis, gametogenesis and hematopoiesis during 

embryogenesis and in the adult animal (47,51). In agreement 
with these predicted functions c-kit mRNA is expressed in 
cellular targets of W mutations (3, 24, 25, 35, 39). 
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The ligand of the c-kit receptor, KL, has recently been 
identified and characterized, based on the known function of 
c-kit/W in mast cells (2, 14, 37, 38, 56, 58, 59). In 
agreement with the anticipated functions of the c-kit 
receptor in hematopoiesis KL stimulates the proliferation of 
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bone marrow derived and connective tissue mast cells and in 
erythropoiesis, in combination with erythropoietin , KL 
promotes the formation of erythroid bursts (day 7-14 BFU-E) . 
Furthermore , recent in vitro experiments with KL have 
demonstrated enhancement of the proliferation and 
differentiation of erythroid, myeloid and lymphoid 
progenitors when used in combination with erythropoietin, 
GM-CSF, GCSF and IL7 respectively suggesting that there is 
a role for the c-kit receptor system in progenitors of 
several hematopoietic cell lineages (27 , 37) . 

Mutations at the steel locus on chromosome 10 of the mouse 
result in phenotypic characteristics that are very similar 
to those seen in mice carrying W mutations, i.e., they 
affect hematopoiesis, gametogenesis and melanogenesis (5, 
47, 51) . The ligand of the c- kit receptor, KL, was recently 
shown to be allelic with the murine steel locus based on the 
observation that KL sequences were found to be deleted in 
several severe SI alleles (11, 38, 59). In agreement with 
the ligand receptor relationship between KL and c-kit, SI 
mutations affect the same cellular targets as W mutations, 
however, in contrast to W mutations, SI mutations are not 
cell autonomous and they affect the microenvironment of the 
c- kit receptor (12, 28, 30). Mutations at the steel locus 
are semidominant mutations and the different alleles vary in 
their effects on the different cell lineages and their 
degree of severity (47, 51). The original SI allele is an 
example of a severe SI mutation. Sl/Sl homozygotes are 
deficient in germ cells, are devoid of coat pigment and they 
die perinatally of macrocytic anemia (5,50). Mice 
homozygous for the Sl d allele, although viable, have severe 
macrocytic anemia, lack coat pigment and are sterile (6). 
Both S1/ + and Sl d /-h heterozygotes have a diluted coat color 
and a moderate macrocytic anemia, but they are fertile, 
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although their gonads are reduced in size. Southern blot 
analysis of Sld/+ DNA by using a KL cDNA as a probe 
indicated an EcoRl polymorphism, suggesting that this 
mutation results from a deletion, point mutation or DNA 
5 rearrangement of the KL gene (11) • 
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Rnmmmry of Invention 

This invention provides a nucleic acid molecule which 
encodes an amino acid sequence corresponding to a c-kit 
5 ligand (KL) and a purified c- kit ligand (KL) polypeptide. 

A pharmaceutical composition which comprises the c- kit 
ligand (KL) purified by applicants or produced by 
applicants 1 recombinant methods and a pharmaceutical ly 
10 acceptable carrier is further provided as well as methods of 

treating patients which comprise administering to the 
patient the pharmaceutical composition of this invention. 
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Brief Description of the Ficpiy a 



Figure l. 
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Figure 2. 



Proliferative response of +/+ and W/w v BMMC 
to fibroblast conditioned medium and IL-3. 
Mast cells derived from +/+ or W/H v bone 
marrow were cultured in the presence of 1% 3 
CM, 10% FCH (20X concentrated), or medium 
alone. Incorporation of 3 H-thymidine was 
determined from 24-30 hours of culture. 

Chromatographic profiles of the purification 
of KL. 
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20 



B. 



Gel filtration chromatography on ACA 54 
Ultrogel. Absorbance at 280 nm is shown by 
a broken line and bio-activity by a solid 
line. The position of the elution of 
protein size markers is indicated in kD. 

Anion exchange FPLC on a DEAE-5PW column. 
The NaCl gradient is indicated by a dotted 
line . 



25 



Separation on semi -preparative C18 column. 
The 1-propanol gradient is indicated by a 
dotted line. 
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Figure 3. 



Separation on analytical C18 column. 

Electrophoretic analysis of KL. Material 
from individual fractions was separated by 
SDS/page (12%) and stained with silver. The 
position of KL (28-30 kD) is indicated by an 
arrow. KL activity of corresponding 
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Figure 4 . 



15 



20 



Figure 5. 



A. 



B. 
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fractions is shown below. 

Analysis of 0.5 ml fractions from analytical 
C18 column e luted with ammonium acetate 
buffer and 1-propanol gradient. 

Analysis of 0.5 ml fractions from analytical 
C4 column eluted with aqueous .1% TFA and 
absence of 2-mercapto-ethanol. 

Proliferation of W* mutant mast cells in 
response to KL. Mast cells were derived 
from individual fetal livers from W/+ X W/+ 
mating, or bone marrow of wildtype, W v and 
W 41 heterozygotes and homozygoses. The 
proliferation characteristics of mutant mast 
cells was determined by using increasing 
concentrations of KL in a proliferation 
assay. Homozygous mutant mast cells are 
indicated by a solid line, heterozygotes 
mutant mast cells by a broken line and 
wildtype mast cells by a dotted line, except 
for W where normal fetuses may be either +/+ 
or W/+. 

Comparison of c-kit expression and growth 
factor responsiveness in BMMC and peritoneal 
mast cells (CTMC/PMC) . 

Fluorescent staining of heparin 
proteoglycans in purified PMC and BMMC by 
using berberine sulfate. 

Determination of c- kit cell surface 
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Figure 6. 
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20 



expression in PMC and BMMC by FACS using c- 
kit antibodies. Anti-c- kit serum is 
indicated by a solid line and non-immune 
control serum by a dotted line. 

Determination of the proliferation potential 
of PMC to KL. 5000 cells were plated in 0.5 
ml, in the presence of 1000 U/ml of KL, 10% 
Wehi-3CM or RPMI-C alone and the number of 
viable cells was determined two weeks later. 

Determination of burst promoting activity f 
KL. Bone marrow and spleen cells wer 
plated in the presence of erythropoietin 
(2U/ml) and pure KL was added at the 
concentrations shown. The number of BFU-E 
was determined on day 7 of culture. This 
data represents the mean of two separate 
experiments, each with two replicates per 
concentration of KL. 



Figure 7. 
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Determination of KL dependent BFU-E 
formation from W/W fetal livers. Fetuses 
from mating W/+ animals were collected at 
day 16.5 of gestation. One fetus out of 
four was a W/W homozygote. Liver cells were 
plated at 10 5 cells/ml in the presence of 
either control medium, IL-3 (50 U/ml) or KL 
(2.5 ng/ml) . All cultures contained 

erythropoietin (2U/ml) . Data is expressed 
as the number of BFU-E/ liver and is the mean 
of 2 replicate plates. The data f r +/+ or 
W/+ fetuses is the mean from the three 
normal fetuses in the liver. 
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Figure 8, 
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N-terminal amino acid sequence of KL and 
deduction of the corresponding nucleic acid 
sequence by PCR. Top line: N-tenninal 
amino acid sequence (residues 10-36) of KL. 
Middle Line: Nucleotide sequences of three 
cDNAs obtained by cloning the 101 bp PCR 
product (see Figure 10) into M13 and 
subsequent sequence determination. Bottom 
Line: sequences of the degenerate sense and 
antisense primers used for first-strand cDNA 
synthesis and PCR. The amino acid sequence 
also is identified as SEQ ID:NO:2. 



Figure 9. 
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Northern blot analysis using the PCR 
generated oligonucleotide probes 
corresponding to the isolated c-kit ligand 
polypeptide. A 6.5 kb mRNA was isolated 
with labelled probes. 
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Figure 10, 



25 



Derivation of cDNAs corresponding to the N- 
terminal amino acids 10-36 of KL by RT-PCR. 
One microgram of poly(A) + RNA from BALB/c 3%3 
cells was used as template for cDNA 
synthesis and subsequent PCR amplification 
in combination with the two degenerate 
oligonucleotide primers. Electrophoretic 
analysis of the 101 bp PCR product in 
agarose is shown. 
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Figure 11. 



Nucleotide Sequence and Predicted Amino Acid 
Sequence of the 1.4 kb KL cDNA clone. The 
predicted amino acid sequence of the long 
open reading frame is shown above and the 
nucleotide sequence using the single-letter 



BNSDOCID: <WO 92034S9At> 



WO 92/03459 PCT/US9 1/06 130* 



-12- 



10 



15 



Figure 12 
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Figure 13. 
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A. 



amino acid code. The numbers at right refer 
to amino acids, with methionine (nucleotides 
16-18) being number 1. The potential N- 
terminal signal sequence (SP) and the 
transmembrane domain (TMS) are indicated 
with dashed lines above the sequence, and 
cysteine residues in the extracellular 
domain are circled. a scemiatic of the 
predicted protein structure is indicated 
below. N-linked glycosylation sites and the 
location of the N-terminal peptide sequence 
(Pep. Seq.) -are indicated. The nucleic acid 
sequence is also identified as SEQ ID:N0:1. 



of KL-Specific RNA 
BALB/c 3T3 Cell RNA by 



Identification 
Transcripts in 

Northern Blot Analysis. Poly (A) + RNA (4 /ig) 
from BALB/c 3T3 cells 
phoretically 



separated, 



was electro- 
trnsferred to 



nitrocellulose, and hybridized with 32 



labeled 



P. 



1.4 kb KL cDNA. The migration of 
18S and 2 8S ribosomal RNSs is indicated. 

SDS-PAGE Analysis of KL. 

Silver staining of KL. 



B. Autoradiography of 125I -KL. 
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Figure 14. 



Binding of " 5l _ K fco Magt Cells ^ 
Expressing J2 Cells. 



NIH *2/c-kit cells containing the pLJ c -kit 
expression vector and expressing a high 
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level of high c-lcit protein. 

B. Mast cells derived from bone marrow of +/+ 
or W/W v adult mice or fetal liver cells of 
W/W or a normal littermate control (W/+ or 

+/+)• 



Figure 15. 
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Figure 16. 
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Coprecipitation and Cross-Linking of 125 I-KL 
with the c- lcit receptor on mast cells. 

A. Coprecipitation of KL with normal rabbit 
serum (NRS) or two anti-c-kit rabbit 
antisera (a-c-kit) . 

B. Cross-linking of KL to c- kit with 
disuccinimidyl substrate. SDS-page analysis 
was on either 12% or 7.5% polyacrylamide 
gels. Cross-linked species are labeled "KL 
+ cK" • 

RFLP analysis of Taql-digested DNA from S1/ + 
and SIISI mice. The SI allele from 

C3HeB/Fej a/a CaJ SI Hm mice was introduced 
into a C57BL/6J SI Hm mice was introduced 
into a C57BL/6J background , and progeny of a 
C57BL/6J S1 C3H x S1 C3H cross were evaluated. 



30 



Hybridazation of the 1.4 kB KL cDNA probe to 
DNA from two nonanemic (lanes SII+) and two 
anemic (lanes SIISI) mice. No hybridization 
to the DNA from the SIISI mice was detected. 



Hybridization of the same blot to TIS 
Dra/Sal, a probe that is tightly linked to 
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Si (see Detailed Description, infra) . This 
probe identifies a 4 kB C3HeB/FeJ-derived 
allele and a 2 kb C57BL/6J allele in the 
SI c3H lSl c3H homozygotes. 

5 

Figure 17. Nucleotide and predicted amino acid sequence 

of KL-1, KL-2 and KL-Sl d cDMAs. The 
nucleotide sequence of the KL cDNA obtained 
from the Balb3T3 cell plasmid cDNA library 
1S shown. The RT-PCT products from 
different tissues and Sl d /+ total RNA, KL-1, 
KL-2 and KL-Sl d , were subcloned and 
subjected to sequence analysis. Open 
triangles indicate the 5« and 3' boundaries 
of the exon which is spliced out in KL-2; 
the closed triangles indicate the deletion 
endpoints in the si d cDNA. The 67 
nucleotide inset sequence of the Sl d cDNA is 
shown above the KL cDNA sequence. Arrows 
indicate the putative proteolytic cleavage 
sites in the extracellular region of KL-1. 
The signal peptide (SP) and transmembrane 
segment (TMS) are indicated with overlying 
lines. 

25 

Figure 18. Panels A and B. Identification by RT-PCR 

cloning of KL cDNAs from normal tissues and 
Sl d mutant fibroblasts. Total RNA was 
obtained from different tissues of C57BI6/J 
30 mice and Sl d /+ fibroblasts. RT-PCR 

reactions with RNA (10/xg) from normal 
tissues and Balb 3T3 cells were done using 
primers #i and *2 and reactions with RNA 
from +/+ and Sl d /+ fibroblasts were done by 



20 



BNSDOCID: <WO 92O34S0A1> 



WO 92/03459 



PCT/US91/06130 



-15- 



using the primer combinations /I, + /2, /I + 
#3 and /l + #4. The reaction products were 
analyzed by electrophoresis in 1% NuSieve 
agarose gels in the presence of 0.25 jxg/ml 
5 ethidium bromide. The migration of 0X174 

Hae III DNA markers is indicated. 

Figure 19. Topology of different KL protein products. 

Shaded areas delineate N-terminal signal 
peptides, solid black areas transmembran 
domains and Y N-linked glycosylation sit s. 
Dotted lines indicate the exon boundaries of 
the alternatively spliced exon and 
corresponding amino acid numbers are 
indicated. Arrows indicate the presumed 
proteolytic cleavage sites. The shaded 
region at the C-terminus of KL-Sl d indicates 
amino acids that are not encoded by KL. KL- 
S designates the soluble form of KL produced 
by proteolytic cleavage or the C-terminal 
truncation mutation of KL. 

Figure 20. Identification of KL-1 and KL-2 transcripts 

in different tissues by RNase protection 
25 assays. 32 P-labelled antisense riboprobe 

(625 nt.) was hybridized with 20 /ig total 
cell RNA from tissues and fibroblasts except 
for lung and heart where 10 fig was used. 
Upon RNase digestion , reaction mixtures were 
3 0 analyzed by electrophoresis in a 4% 

polyacrylamide/urea gel. For KL-1 and KL-2 
protected fragments of 575 nts. and 449 
nts. , are obtained respectively. 
Autoradiographic exposures were for 48 or 72 
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hours, except for the 3T3 fibroblast RNA, 
which was for 6 hours. 

Figure 21. Panels A-C. Biosynthetic characteristics of 

KL-1 and KL-2 protein products in COS cells. 
COS-1 cells were transfected with 5 /zg of 
the KL-1 and KL-2 expression plasmids, using 
the DEAE-dextran method. After 72 hours the 
cells were labelled with 35 S-Met for 30 
minutes and then chased with complete 
medium. Supernatants and cell lysates were 
immunoprecipitated with anti-KL rabbit 
serum. Immunoprecipitates were analyzed by 
sds-page (12%) . Migration of molecular 
weight markers is indicated in kilo daltons 
(kD) . 

Figure 22. Panels A-C. PMA induced cleavage of the KL- 

1 and KL-2 protein products. COS-1 cells * 
were transfected with 5 ng of the KL-1 and 
KL-2 expression plasmids and after 72 hours 
the cells were labelled with 3S S-Met for 30 
minutes and then chased with medium a) in 
the absence of serum; b) containing the 
phorbol ester PMA (1/iM and c) containing the 
calcium ionophore A23187 (1/xM). 
Supernatants and cell lysates wer 
immunoprecipitated with anti-KL rabbit 
serum. Immunoprecipitates were analyzed by 
sds-page (12%). Migration of molecular 
weight markers is indicated in kilo daltons 
(kD) . 
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Figure 23, 



Panels A and B. Biosynthetic 
characteristics of KL-Sl d and KL-S protein 
products in COS cells. 



Figure 24, 



10 



Determination of biological activity in COS 
cell supernatants . Super nat ants from COS 
cells transfected with the KL-1, KL-2 , KL- 
Sl d and KL-S expression plasmids were 
assayed for activity in the mast cell 
proliferation assay. Serial dilutions of 
supernatant were incubated with BMMCs and 
incorporation of 3 H-thymidine was determin d 
from 24-30 hours of culture. 
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Detailed np^ eription of the Invant^ap 

The relationship of KL to the c-fcit receptor has now been 
defined, and it is shown that KL is the ligand of c-kit 
based on binding and cross-linking experiments. N-tenninal 
protein sequence of KL was used to derive KL-specif ic cDNA 
clones. These cDNA clones were used to investigate the 
relationship of the KL gene to the SI locus, and it was 
demonstrated that KL is encoded by the SI locus. 

The hematopoietic growth factor KL was recently purified 
from conditioned medium of BALB/c 3T3 fibroblasts, and it 
has the biological properties expected of the c-kit ligand 
(37) . KL was purified based on its ability to stimulate the 
proliferation of BMMC from normal mice but not from W mutant 
mice in the absence of il-3 . The purified factor stimulates 
the proliferation of BMMC and CTMC in the absence of IL-3 
and therefore appears to play an important role in mature 
mast cells. In regard to the anticipated function of c-kit 
in erythropoiesis, KL was shown to facilitate the formation 
of erythroid bursts (day 7-14 BFU-E) in combination with 
erythropoietin. The soluble form of KL, which has been 
isolated from the conditioned medium of Balb/3T3 cells has 
a molecular mass of 3 0 kD and a pi of 3.8; it is not a 
disulfide-linked dimer, although the characteristics of KL 
upon gel filtration indicate the formation of noncovalently 
linked dimers under physiological conditions. 

The predicted amino acid sequence of KL, deduced from the 
3 0 nucleic acid sequence cDNAs, indicates that KL is 

synthesized as a transmembrane protein, rather than as a 
secreted protein. The soluble form of KL then may be 
generated by proteolytic cleavage of the membrane-associated 
form of KL. The ligand of the CSF-l receptor, the closest 
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relative of c-kit, shares the topological characteristics of 
KL and has been shown to be proteolytically cleaved to 
produce the soluble growth factor (44 , 45). A recent 
analysis of the presumed structural characteristics of KL, 
furthermore indicates a relationship of KL and CSF-1 based 
on amino acid homology , secondary structure and exon 
arrangements indicating an evolutionary relationship of the 
two factors and thus strengthening the notion that the two 
receptor systems evolved from each other (4). 

Alternatively spliced KL mRNAs which encode two different 
forms of the KL protein, i.e., KL-1 and KL-2, have recently 
been described (15). The KL encoded protein products have 
been defined and characterized in COS cells transfected with 
the KL cDNAs and extended the findings of Flanagan et al. in 
several ways. As noted hereinabove, KL is synthesized as a 
transmembrane protein which is proteolytically cleaved to 
produce the soluble form of KL. The protein product of the 
alternatively spliced transcript of KL, KL-2, which lacks 
the exon that encodes the presumptive proteolytic cleavage 
site was shown to display turnover characteristics that are 
distinct from those of KL-1. In addition, the proteolytic 
cleavage of both KL-1 and KL-2 can be regulated by agents 
such as PMA and the calcium ionophore A23187. The relative 
abundance of KL-1 and KL-2 has been determined in a wide 
variety of different mouse tissues. This indicates that the 
expression of KL-1 and KL-2 is controlled in a tissue 
specific manner. 

The gene products of the Sl d allele have also been defined 
(15). Sl d results from a deletion within KL which includes 
the sequences encoding the transmembrane and cytoplasmic 
domains of the protein resulting in a biologically active, 
secreted mutant KL protein. The respective roles of the 
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soluble and cell-associated forms of KL in the proliferative 
and migratory functions of c-klfc are discussed in the light 
of these results. 

This invention provides a purified mammalian protein 
corresponding to a ligand for the c-kj£ which comprises a 
homodimer of two polypeptides, each polypeptide having a 
molecular weight of about 30 kD and an isoelectric point of 
about 3.8. as used herein, the term "c-kit ligand" is to 
mean a polypeptide or protein which has also been defined as 
stem cell factor, mast cell factor and steel factor. As 
used herein, c-kit ligand protein and polypeptide 
encompasses both naturally occurring and recombinant forms, 
i.e., non-naturally occurring forms of the protein and the 
polypeptide which are sufficiently identically to naturally 
occurring c-kit to allow possession of similar biological 
activity. Examples of such polypeptides includes the 
polypeptides designated KL-1.4 and S-KL, but are not limited 
to them, such protein and polypeptides include derivatives 
and analogs. m one embodiment of this invention, the 
purified mammalian protein is a murine protein. In another 
embodiment of this invention, the purified mammalian protein 
is a human protein. 

Also provided by this invention is a purified mammalian 
protein corresponding to a c-kit ligand, wherein the 
purified protein is glycosolated. However, this invention 
also encompases unglycosylated forms of the protein. This 
invention also encompasses purified mammalian proteins 
containing glycosolation sufficiently similar to that of 
naturally occurring purified mammalian protein corresponding 
to c-)£it ligand. This pr tein may be produced by the 
xntroduction of a cysteine cross-link between the two 
homodimer polypeptides described hereinabove by methods 
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knovn to those of skill in the art* 

Also provided by this invention is a pharmaceutical 
composition which comprises an effective amount of the 
purified mammalian protein corresponding to c-kit ligand 
described hereinabove and a pharmaceutical^ acceptable 
carrier. 

Further provided is a pharmaceutical composition for the 
treatment of leucopenia in a mammal comprising an effective 
amount of the above mentioned pharmaceutical composition and 
an effective amount of a hemopoietic factor, wherein the 
factor is selected from the group consisting of GCSF, GMCSF 
and IL-3, effective to treat leucopenia in a mammal. 

Also provided by this invention is a pharmaceutical 
composition for the treatment of anemia in a mammal, which 
comprises an effective amount of the pharmaceutical 
composition described hereinabove and an effective amount of 
EPO (erythropoietin) or IL-3, effective to treat anemia in 
a mammal. Anemia encompases, but is not limited to Diamond 
Black fan anemia and aplastic anemia. However, for the 
treatment of Black fan anemia and aplastic anemia, a 
pharmaceutical composition comprising an effective amount of 
the composition described hereinabove and an effective 
amount of G-CSF and GM-CSF, effective to treat anemia is 
preferred. A method of treating anemia in mammals by 
administering to the mammals the above composition is 
further provided by this invention. A pharmaceutical 
composition effective for enhancing bone marrow during 
transplantation in a mammal which comprises an effective 
amount of the pharmaceutical composition described 
hereinabove, and an effective amount of IL-1 or IL-6, 
effective to enhance engraphment of bone marrow during 
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transplantation in the mammal is also provided. a 
pharmaceutical composition for enhancing bone marrow 
recovery in the treatment of radiation, chemical or 
chemotherapeutic induced bone marrow, aplasia or 
myelosuppression is provided by this inventions which 
comprises an effective amount of the pharmaceutical 
composition described hereinabove and an effective amount of 
IL-1, effective to enhance bone marrow recovery in the 
mammal. Also provided by this invention is a pharmaceutical 
composition for treating acquired immune deficiency syndrome 
(AIDS) in a patient which comprises an effective amount of 
the pharmaceutical composition described hereinabove and an 
effective amount of AZT or G-CSF, effective to treat AIDS in 
the patient. 

A composition for treating nerve damage is provided by this 
invention which comprises an effective amount of the 
pharmaceutical composition described hereinabove in an 
amount effective to treat nerve damage in a mammal. 

Also provided is a composition for treating infants 
exhibiting symptoms of defective lung development which 
comprises an effective amount of the purified mammalian 
protein and a pharmaceutically acceptable carrier, effective 
to treat infants exhibiting symptoms of defective lung 
development . 

Further provided is a composition for the prevention of hair 
loss in a subject which comprises an effective amount of the 
purified mammalian protein corresponding to c-kit ligand and 
a pharmaceutically acceptable carrier, effective to prevent 
the loss of hair in th subject. Also provided by this 
invention is a pharmaceutical composition for inhibiting the 
loss of pigment in a subject's hair which comprises an 
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ef f ective amount of the purified mammalian protein 
corresponding to c- kit ligand and a pharmaceutically 
acceptable carrier, effective to inhibit the loss of pigment 
in the subject's hair. 

Methods of treating the above-listed disorders by th 
administration of the effective composition, in an amount 
effective to treat that disorder, also is provided. 

As used herein, the terms "subject" shall mean, but is not 
limited to, a mammal, animal, human, mouse or a rat. 
"Mammal" shall mean, but is not limited to meaning a mouse 
(murine) or human. 

This invention provides an isolated nucleic acid molecule 
which encodes an amino acid sequence corresponding to a c- 
kit ligand (KL) . Examples of such nucleic acids includ , 
but are not limited to the nucleic acids designated KL 1.4, 
Kl-1, KL-2 or S-KL. The invention also encompasses nucleic 
acids molecules which differ from that of the nucleic acid 
molecule which encode these amino acid sequences, but which 
produce the same phenotypic effect. These altered, but 
phenotypically equivalent nucleic acid molecules are 
referred to as "equivalent nucleic acids". And this 
invention also encompasses nucleic acid molecules 
characterized by changes in non-coding regions that do not 
alter the phenotype of the polypeptide produced therefrom 
when compared to the nucleic acid molecule described 
hereinabove. This invention further encompasses nucleic 
acid molecules which hybridize to the nucleic acid molecule 
of the subject invention. As used herein, the term "nucleic 
acid" encompasses RNA as w 11 as single and double-stranded 
DNA and cDNA. In addition, as used herein, the term 
"polypeptide" encompasses any naturally occurring allelic 
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variant thereof as well as man-made recombinant forms. 

For the purposes of this invention, the c-kit ligand (KL) is 
a human c-kl£ ligand (KL) or a murine c-kit ligand (KL) . 

5 

Also provided by this invention is a vector which comprises 
the nucleic acid molecule which encodes an amino acid 
sequence corresponding to a c-kj£ ligand (KL) . This vector 
may include, but is not limited to a plasmid, viral or 
10 cosmid vector. 

This invention also provides the isolated nucleic acid 
molecule of this invention operatively linked to a promoter 
of RNA transcription, as well as other regulatory sequences. 
As used herein, the term "operatively linked" means 
positioned in such a manner that the promoter will direct 
the transcription of RNA off of the nucleic acid molecule. 
Examples of such promoters are SP6, T4 and T7. Vectors 
which contain both a promoter and a cloning site into which 
an inserted piece of DNA is operatively linked to that 
promoter are well known in the art. Preferable, these 
vectors are capable of transcribing RNA in vitro . Examples 
of such vectors are the pGEM series [Promega Biotec, 
Madison, WI). 



15 



20 



25 



A host vector system for the production of the c-kit ligand 
(KL) polypeptide is further provided by this invention which 
comprises one of the vectors described hereinabove in a 
suitable host. For the purposes of this invention, a 
30 suitable host may include, but is not limited to an 

eucaryotic cell, e.g., a mammalian cell, or an insect ceil 
for baculovirus expression. The suitable host may also 
comprise a bacteria cell such as E. coli . or a yeast cell. 
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To recover the protein when expressed in £. coli, JE. coli 
cells are transfected with the claimed nucleic acids to 
express the c- kit ligand protein. The E. coli are grown in 
one (1) liter cultures in two different media, LB or TB and 
pelleted. Each bacterial pellet is homogenized using two 
passages through a French pressure cell at 20 , 000 lb/ in 2 in 
20 ml of breaking buffer (below) . After a high speed spin 
120k rpm x 20 minutes) the supernatants were transferred 
into a second tube. The c- kit protein or polypeptide is 
located in the particulate fraction. This may be 
solubilized using 6M guanidium-HCI or with 8M urea followed 
by dialysis or dilution. 

Breaking Buffer 

50 mM Hepes, pH 8.0 
20% glycerol 
150 mM NaCl 

1 mM Mg So 4 

2 mM DTT 
5mM EGTA 

20 ^g/ml DNAse I. 

A purified soluble c- kit ligand (KL) polypeptide as well as 
a fragment of the purified soluble c- kit ligand (KL) 
polypeptide is further provided by this invention. 

In one embodiment of this invention, the c- kit ligand 
polypeptide corresponds to amino acids 1 to 164 . In other 
embodiments of this invention, the c- kit ligand polypeptide 
corresponds to amino acids 1 to about 148, or fusion 
polypeptides corresponding to amino acids 1 to about 148 
fused to amino acids from about 165 to about 202 or 205 , as 
well as a fusion polypeptide corresponding to amino acids 1 
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to about 164 fused to amino acids 177 to about amino acid 
202 or about amino acid 205. 

In another embodiment of this invention, the c-kj£ ligand 
polypeptide may comprise a polypeptide corresponding to 
amino acids 1 to about 164 linked to a biologically activ 
binding site. Such biological active binding sites may 
comprise, but are not limited to an amino acids 
corresponding to an attachment site for binding stromal 
cells, the extracellular matrix, a heparin binding domain, 
a hemonectin binding site or cell attachment activity. For 
example, see U.S. Patent Nos. 4,578,079, 4,614,517 and 
4,792,525, issued March 25, 1986; September 30, 1986 and 
December 20, 1988, respectively. 

In one embodiment of this invention, the soluble, c-kit 
ligand (KL) polypeptide is conjugated to an imageable agent. 
Imageable agents are well known to those of ordinary skill 
in the art and may be, but are not limited to radioisotopes, 
dyes or enzymes such as peroxidase or alkaline phosphate. 
Suitable radioisotopes include, but are not limited to 125 I 
32 P, and 35 S. 

These conjugated polypeptides are useful to detect the 
presence of cells, in vitro or in vivo, which express the c- 
JOt receptor protein. When the detection is performed in 
vitro, a sample of the cell or tissue to be tested is 
contacted with the conjugated polypeptide under suitable 
conditions such that the conjugated polypeptide binds to c- 
kit receptor present on the surface of the cell or tissue; 
then removing the unbound conjugated polypeptide, and 
detecting the presence of conjugated polypeptide, bound; 
thereby detecting cells or tissue which express the c-kit 
receptor prot in. 
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Alternatively, the conjugated polypeptide may be 
administered to a patient, for example, by intravenous 
administration. A sufficient amount of the conjugated 
polypeptide must be administered, and generally such amounts 
5 will vary depending upon the size, weight, and other 

characteristics of the patient. Persons skilled in the art 
will readily be able to determine such amounts. 

Subsequent to administration, the conjugated polypeptide 
which is bound to any c- kit receptor present on the surface 
of cells or tissue is detected by intracellular imaging. 

In the method of this invention, the intracellular imaging 
may comprise any of the numerous methods of imaging, thus, 
the imaging may comprise detecting and visualizing radiation 
emitted by a radioactive isotope. For example, if the 
isotope is a radioactive isotope of iodine, e.g., X25 I, the 
detecting and visualizing of radiation may be effected using 
a gamma camera to detect gamma radiation emitted by the 
radioiodine . 

In addition, the soluble, c-kit ligand (KL) polypeptide 
fragment may be conjugated to a therapeutic agent such as 
toxins, chemotherapeutic agents or radioisotopes. Thus, 
25 when administered to a patient in an effective amount, the 

conjugated molecule acts as a tissue specific delivery 
system to deliver the therapeutic agent to the cell 
expressing c- kit receptor. 

3 0 A method for producing a c- kit ligand (KL) polypeptide is 

also provided which comprises growing the host vector system 
described hereinabove under suitable conditions permitting 
production of the c- kit ligand (KL) polypeptide and 
recovering the resulting c- kit ligand (KL) polypeptide. 



10 



15 



20 



BNSDOCID: <WO 9203*S9A1> 



WO 92/03459 PCT/US9i/06130 s 



-28- 



This invention also provides the c-kj£ ligand (KL, 
polypeptide produced by this method. 

A soluble, mutated c-Jci£ ligand (KL) polypeptide is also 
5 provided, wherein this mutated polypeptide retains its 

ability to bind to the c-fcit receptor, but that the 
biological response which is mediated by the binding of a 
functional ligand to the receptor is destroyed. Thus, these 
mutated c-ki£ ligand (KL) polypeptides act as antagonists to 
10 the biological function mediated by the ligand to the c-ki£ 

receptor by blocking the binding of normal, functioning 
ligands to the c-kit receptor. 

A pharmaceutical composition which comprises the c-kit 
15 ligand (KL) purified by applicants or produced by 

applicants' recombinant methods and a pharmaceutical ly 
acceptable carrier is further provided. The c-ki£ i igan d 
may comprise the isolated soluble c-kit ligand of this 
invention, a fragment thereof, or the soluble, mutated c-kit 
20 ligand (KL) polypeptide described hereinabove. As used 

herein, the term "pharmaceutical^ acceptable carrier" 
encompasses any of the standard pharmaceutical carriers 
such as a phosphate buffered saline solution, water, and 
emulsions, such as an oil/water or water/oil emulsion, and 
•5 various types of wetting agents. 

This invention further provides a substance capable of 
specifically forming a complex with the c-kit ligand 
protein, the soluble, c-kit ligand (KL) polypeptide, or a 
fragment thereof, described hereinabove. This invention 
also provides a substance capable of specifically forming a 
complex with the c-kit ligand (KL) receptor protein, m one 
embodiment of this invention, the substance is a monoclonal 
antibody, e.g., a human monoclonal antibody. 
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A method of modifying a biological function associated with 
c-kjtfc cellular activity is provided by this invention. This 
method comprises contacting a sample of the cell, whose 
function is to be modified, with an effective amount of a 
5 pharmaceutical composition described hereinabove, effective 

to modify the biological function of the cell. Biological 
functions which may be modified by the practice of this 
method include, but are not limited to cell-cell 
interaction, propagation of a cell that expresses c- kit and 
10 in v *tro fertilization. This method may be practiced in 

vitro or in vivo. When the method is practiced in vivo , an 
effective amount of the pharmaceutical composition described 
hereinabove is administered to a patient in an effective 
amount, effective to modify the biological function 
15 associated with c- kit function. 

This invention also provides a method of stimulating the 
proliferation of mast cells in a patient which comprises 
administering to the patient the pharmaceutical composition 
described hereinabove in an amount which is effective to 
stimulate the proliferation of the mast cells in the 
patient. Methods of administration are well known to those 
of ordinary skill in the art and include, but are not 
limited to administration orally, intravenously or 
parenterally. Administration of the composition will be in 
such a dosage such that the proliferation of mast cells is 
stimulated. Administration may be effected continuously or 
intermittently such that the amount of the composition in 
the patient is effective to stimulate the proliferation of 
3 0 mast cells. 

A method of inducing differentiation of mast cells or 
erythroid progenitors in a patient which comprises 
administering to the patient the pharmaceutical composition 
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described hereinabove in an amount which is effective to 
induce differentiation of the mast cells or erythroid 
progenitors is also provided by this invention. Methods of 
administration are well known to those of ordinary skill in 
5 the art and include, but are not limited to administration 

orally, intravenously or parenterally. Administration of 
the composition will be in such a dosage such that the 
differentiation of mast cells or erythroid progenitors is 
induced. Administration may be effected continuously or 
10 intermittently such that the amount of the composition in 

the patient is effective to induce the differentiation of 
mast cells or erythroid progenitors. 

This invention also provides a method of facilitating b ne 
15 marrow transplantation or treating leukemia in a patient 

which comprises administering to the patient an effective 
amount of the pharmaceutical composition described 
hereinabove in an amount which is effective to facilitate 
bone marrow transplantation or treat leukemia. Methods of 
2 0 administration are well known to those of ordinary skill in 

the art and include, but are not limited to administration 
orally, intravenously or parenterally. Administration f 
the composition will be in such a dosage such that bone 
marrow transplantation is facilitated or such that leukemia 
is treated. Administration may be effected continuously or 
intermittently such that the amount of the composition in 
the patient is effective. This method is particularly 
useful in the treatment of acute myelogenous leukemia and 
modifications of chronic myelogenous leukemia. 
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This invention also provides a method of treating melanoma 
in a patient which comprises administering to the patient an 
effective amount of a pharmaceutical composition described 
hereinabove in an amount which is effective to treat 
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melanoma. Methods of administration are well known to 
those of ordinary skill in the art and include, but are not 
limited to administration orally, intravenously or 
parenterally. Administration of the composition will be in 
such a dosage such that melanoma is treated. Administration 
may be effected continuously or intermittently such that the 
amount of the composition in the patient is effective. 

The soluble, c-kit ligand (KL) polypeptide may also be 
mutated such that the biological activity of c -kit is 
destroyed while retaining its ability to bind to c- kit . 
Thus, this invention provides a method of treating allergies 
in a patient which comprises administering to the patient an 
effective amount of the soluble, mutated c- kit ligand 
described hereinabove and a pharmaceutically acceptable 
carrier, in an amount which effective to treat the allergy. 
As is well known to those of ordinary skill in the art,-- the 
amount of the composition which is effective to treat the 
allergy will vary with each patient that is treated and with 
the allergy being treated. Administration may be effected 
continuously or intermittently such that the amount of the 
composition in the patient is effective. 

Furthermore, this invention provides a method for measuring 
the biological activity of a c-kit (KL) polypeptide which 
comprises incubating normal bone-marrow mast cells with a 
sample of the c-kit (KL) polypeptide which comprises 
incubating normal bone-marrow mast cells with sample of the 
c-kit ligand (KL) polypeptide under suitable conditions such 
that the proliferation of the normal bone-marrow mast cells 
are induced; incubating doubly mutant bone-marrow mast cells 
with a sample of the c- kit ligand (KL) polypeptide under 
suitable conditions; incubating each of the products thereof 
with 3 H-thymidine; determining the amount of thymidine 
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incorporated into the DNA of the normal bone-marrow mast 
cells and the doubly mutant bone marrow mast cells; and 
comparing the amount of incorporation of thymidine into the 
normal bone-narrow mast cells against the amount of 
incorporation of thymidine into doubly mutant bone-marrow 
mast cells, thereby measuring the biological activity of c- 
ki± ligand (KL) polypeptide. 

Throughout this application, references to specific 
nucleotides in DNA molecules are to nucleotides present on 
the coding strand of the DNA. The following standard 
abbreviations are used throughout the specification to 
indicate specific nucleotides: 

C - cytosine a - adenosine 

T - thymidine G - guanosine 

U - uracil 

EXPERIMENT NUMBER 1 - PTT RIFICATTON OF C-KXT LIGAND 

Experimental Materials 

Mice a nd embryo identification 

WBB6 +/+ and w/w v , C57B16 w v /+ and WB w/+ mice were obtained 
from the Jackson Laboratory (Bar Harbor, ME) . Heterozygous 
W 41 /+ mice were kindly provided by Dr. J. Barker from the 
Jackson Laboratory and maintained in applicants' colony by 
brother sister mating. Livers were removed at day 14-15 of 
gestation from fetuses derived by mating H/+ animals. W/W 
fetuses were identified by their pale color and small liver 
size relative to other W/+ and +/+ fetuses in the litter. 
Their identity was confirmed by analysis of the c-kit 
protein in mast cells derived from each fetus (38) . 
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Mast cell cultures . preparation of peritoneal mast cell and 
flow cytometry 

Mast cells were grown from bone narrow of adult mice and 
5 fetal liver cells of day 14-15 fetuses in RPMI-1640 medium 

supplemented with 10% fetal calf serum (FCS) , conditioned 
medium from WEHI-3B cells, non-essential amino acids , sodium 
pyruvate, and 2-mercapto-ethanol (RPMI- Complete (C)) (60). 
Non-adherent cells were harvested, refed weekly and 
10 maintained at a cell density less than 7 X 10 5 cells/ml. 

Mast cell content of cultures was determined weekly by 
staining cytospin preparations with 1% toluidine blue in 
methanol. After 4 weeks, cultures routinely contained 
greater than 95% mast cells and were used from proliferation 
15 assays. Peritoneal mast cells were obtained from C57B1/6 

mice by lavage of the peritoneal cavity with 7-10 ml of 
RPMI-C. Mast cells were purified by density gradient 
centrif ugation on 22% Metrizamide (Nycomed, Oslo, Norway) in 
PBS without Ca ++ and Mg ++ , essentially as previously 
20 described (61) . Mast cells were stained with 1% toluidine 

blue in methanol for 5 minutes and washed for 5 minutes in 
H 2 0, and berberine sulfate by standard procedures (62) . 
Mast cells were labeled with c-kit specific rabbit antisera 
which recognizes extracellular determinants of c- kit as 
25 previously described and analyzed on a FACSCAN (Becton 

Dickinson) (38) . 

Mast cell proliferation assay 

3 0 Mast cells were washed three times in RPMI to remove IL-3 

and cultured at a concentration of 5 X 10 4 c/ml in RPMI-C in 
a volume of .2 ml in 96 well plates with two fold serial 
dilutions of test samples. Plates were incubated for 24 
hours at 37°C, 2.5 of 3 H-TdR was added per well and 
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incubation was continued for another 6 hours. Cells were 
harvested on glass fiber filters and thymidin 

incorporation into DNA was determined. 

Preparation of fibroblast conditioned medium 

Balb/3T3 cells (l) were grown to confluence in Dulbecco's 
Modified MEM (DME) supplemented with 10% calf serum (CS) , 
penicillin and streptomycin in roller bottles. Medium was 
removed and cells washed two times with phosphate buffered 
saline (PBS) . DME without CS was added and conditioned 
medium was collected after three days. Cells were refed 
with serum containing medium for one to two days, then 
washed free of serum, and refed with serum free medium and 
a second batch of conditioned medium was collected after 
three days. Conditioned medium (CM) was centrifuged at 2500 
rpm for 15 minutes to remove cells, filtered through a .45 
u filter and frozen at 4»C. The conditioned medium was then 
concentrated 100-2 00 fold with a Pellicon ultrafiltration 
apparatus followed by an Amicon stirred cell, both with 
membranes having a cut off of 10,000 kD. 



25 



30 



Column chromatography 

Blue Agarose chromatography (BRL, Gaithersburg, MD) was 
performed by using column with a bed volume of 100ml 
equilibrated with PBS. 50-80 ml of FCM concentrate was 
loaded onto the column and after equilibration for one hour 
the flow through which contained the active material was 
collected and concentrated to 15-20 ml in dialysis tubing 
with PEG 8000. 

Gel filtration chromatography was performed on a ACA54 
Ultrogel (LKB, Rockland, MD) column (2.6 X 90 cm) which was 
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equilibrated with PBS and calibrated with molecular weight 
markers; bovine serum albumin (Mr 68,000), chymotrypsinogen 
(Mr 25,700), and ribonuclease A (Mr 14,300), all obtained 
from Pharmacia, Piscataway, NJ. The concentrate from the 
Blue Agarose column was loaded onto the gel filtration 
column, the flow rate adjusted to 37.5 ml/hour and 7.5 ml 
fractions collected. 

Anion exchange and reverse-phase HPLC fRP-HPLC) 

High performance liquid chromatography was performed using 
a Waters HPLC system (W600E Powerline controller, 490E 
programmable multiwavelength detector, and 810 Baseline 
Workstation, Waters, Bedford, MA). Active fractions from 
gel filtration were dialyzed in 0.05 M Tris-HCl pH 7. .8 and 
loaded onto a Protein-Pak" DEAE-5PW HPLC column (7.5 mm X 
7.5 cm, Waters), equilibrated with 0.05 M Tris-HCl pH 7.8. 
Bound proteins were eluted with a linear gradient from 0 to 
0.05 M Tris-HCl pH 7.8. Bound proteins were eluted with a 
linear gradient from 0 to 0.4M NaCl in .02 M Tris-HCl pH 
7.8. The flow rate was 1 ml/minute and 2 ml fractions were 
collected. 

RP-HPLC was performed using a semi-preparative and an 
analytical size C 18 column from Vydac. For both columns 
buffer A was 100 mM ammonium acetate pH 6.0, and buffer B 
was 1-propanol. The biologically active fractions from 
anion exchange were pooled and loaded onto the semi- 
preparative C 18 column. Bound proteins were eluted with a 
steep gradient of 0% - 23% 1-propanol within the first 10 
minutes and 23-33% 1-propanol in 70 minutes. The flow rate 
was adjusted to 2 ml/min and 2 ml fractions were collected. 
Biologically active fractions were pooled and diluted 1:1 
with buffer A and loaded on the analytical C 18 reverse phase 
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column. Proteins were eluted with a steep gradient from 0% 
- 26% 1-propanol in 10 minutes and then a shallow gradient 
from 26% - 33% l-propanol in 70 minutes. The flow rate was 
1 ml/min and l ml fractions were collected. Separation on 
an analytical C4 reverse phase column was performed with a 
linear gradient of acetonitrile from 0-80% in aqueous 0.1% 
TFA. 
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Isolectrir; f ocusing (IEF) 

One ml of partially purified KL was supplemented with 20% 
glycerol (v/v) and 2% ampholine (v/v) at pH 3.5-10 (LKB, 
Gaithersburg, MD) . A 5 to 60% glycerol density gradient 
containing 2% ampholine (p H 3.5-10) was loaded onto an IEF 
column (LKB 8100) . The sample was applied onto the isodense 
region of the gradient, followed by IEF (2000V, 24 h, 4»C). 
Five ml fractions were collected and the pH determined in 
each fraction. The fractions were dialyzed against RPMI-c 
and then tested for biological activity. 

Erythroid pr ogenitor assays 

Adult bone marrow, spleen and day 14 fetal liver cells were 
Plated at io 5 , io 6 , and io' cells/ml, respectively, in 
iscove's modified Dulbecco's medium with 1.2% methyl- 
cellulose, 30% fcs, ioo uM 2-mercaptoethanol, human 
recombinant erythropoietin (2 units/ml, Amgen, Thousand 
Oaks, CA) (Iscove, 1978; Nocka and Pelus, 1987). Cultures 
were incubated for 7 days at 37 -c and hemoglobinized 
colonies and bursts scored under an inverted microscope. 
0.1 mM hemin (Kodak) was added to cultures of bone marrow 
cells for optimum growth. Purified KL, IL-3 either as WEHI- 
3 CM (io%, vol/vol) or recombinant murine IL-3 (50 u/ml, 
Genzyme, Cambridge) was added where indicated. 
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Experimental Methods 

Short term mast: cell prolif eration assay detects a 
fibroblast derived activity 

In order to identify and measure a fibroblast derived growth 
factor activity which facilitates the proliferation of 
normal but not W/W v mast cells, BMMC were washed free of IL- 
3 containing medium, incubated with medium containing 20 
fold concentrated fibroblast conditioned medium (FCM) or 
WEHI-3 CM (IL-3) and after 24 hours of incubation 3 H- 
thymidine incorporation was determined. The response of 
BMMC derived from normal +/+ and mutant W/W v mice to IL-3 
was similar (Figure 1) ; in contrast, 20 fold concentrated 
fibroblast conditioned medium facilitated the proliferation 
of +/+ mast cells, but little proliferation was seen with 
W/W v mast cells. Concentrated FCM was also tested for its 
ability, to stimulate the proliferation of other IL-3 
dependent cells. The myeloid 32D cells are known to lack c- 
kit gene products (35) . No proliferation of the 32D cells 
was observed with FCM, although normal proliferation was 
obtained with WEHI-3 CM (not shown). Taken together these 
results and the known defects in c-kit for both the W and W v 
alleles (38) , suggested that FCM activity was dependent on 
the expression of a functional c- kit protein in mast cells 
(BMMC) and therefore might be the ligand of the c- kit 
receptor. In addition the FCM activity was distinct from 
IL-3. Therefore, normal and W mutant mast cells provide a 
simple, specific assay system for the purification of the 
putative c- kit ligand (KL) from fibroblast conditioned 
medium. 
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Purification or the mast cell stim ulating activity kt. 

To purify KL, five liters of serum free conditioned medium 
from Balb/3T3 fibroblasts was concentrated 50 fold by 
5 ultrafiltration. The concentrate was passed through a Blue 

Agarose column equilibrated with PBS and the flow through, 
which contained the mast cell stimulating activity, was 
collected and concentrated with polyethylene glycol. In 
addition to the determination of the bio-activity by using 
10 normal mast cells, peak fractions throughout the 

purification were also tested with fi/W v mast cells where 
little activity was observed. The material from the Blue 
Agarose column was fractionated by gel filtration using a 
ACA 54 column (Figure 2A) . The biological activity eluted 
15 as a major and a minor peak corresponding to 55-70 kD and 30 

kD, respectively. The fractions of the main peak were 
pooled, dialyzed and fractionated by FPLC chromatography on 
a DEAE-5PW column with a NaCl gradient (Figure 2B) . The 
activity eluted at 0.11 M NaCl from the FPLC column. Peak 
2 0 fractions were pooled and subjected to HPLC chromatography 

with a semi-preparative C18 column and an ammonium 
acetate/n-propanol gradient (Figure 2C) . The active 
material eluted at 3 0% n-propanol from the semi-preparative 
CIS column was diluted 1:1 with buffer A and 
!5 rechromatographed by using an analytical CIS column (Figure 

2D) . A single peak of activity eluted again at 30% n- 
propanol which corresponded to a major peak of absorbance 
(280nm) in the eluant profile. Similar results were 
obtained by using a C4 column with H 2 0 and acetonitrile 
0 containing .1% TFA as solvents (Figure 3B) . SDS-PAGE 

analysis of the active fractions from the separations with 
both solvent systems and silver staining revealed one major 
band with a mobility corresponding to a molecular mass of 
28-30 kD. The presence and magnitude of this band 
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correlated well with the peak of biological activity (Figure 
3). There was no significant difference in the migration of 
this band under reduced and non-reduced conditions, 
indicating that KL was not a disulfide linked dimer (Figure 
5 3C) . Three discrete species were observed on both reduced 

and non-reduced SDS-PAGE indicating size heterogeneity of 
the purified material. The total amount of protein 
estimated by absorbance at 280 nm correlated with the amount 
detected by silver stain relative to BSA as a reference 
10 standard. As indicated in Table 1, the purification of KL 

from conditioned medium of Balb/3T3 cells was more than 3000 
fold and the recovery of the initial total activity 47%. 
Half maximal proliferation of +/+ mast cells in applicants 1 
assay volume of 0.2 ml is defined as 50 units of activity 
15 and corresponds to approximately 0.5 ng of protein. 

Isoelectric focusing of partially purified material (after 
ion exchange) revealed a major peak of activity in the pH 
range of 3.7-3*9 indicating an isoelectric point for KL of 
3.7-3.9. 

20 
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TABIig 1 

Purification of KL from B»l b/3T3 Conditioned Medium 



Purification 
Step 



Total Total Specific Purifi- 

Protein Activity Activity cation 
(mg) (U x ICT 5 ) (U/mg) (Fold) 



(%) 



10 


FCM (5L) , 50X 
Concentrated 


152 










15 


Blue Agarose 


32 


720 


2.2X10 4 


1 


100 




Gel Filtra- 
tion 


28 


480 


1.7X10 4 


.77 


67 


20 


DEAE-5PW 


3 


720 


2.4x10 s 


11 


100 




C18 -Semiprep 


. 079 


600 


7.6x10 s 


345 


83 


25 


C18-Analytical 


. 004 


340 


8.5xl0 7 


3863 


47 
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Proliferative response to kt , of mag f, rells wi*-_h different: n~ 
kit/W mutations 

Purified KL was tested for its ability to stimulate the 
proliferation of mast cells derived from wildtype animals as 
well as homozygotes and heterozygotes of W, g v , and W 41 
alleles. The original w allele specif ies a nonfunctional c- 
Jcit receptor and animals homozygous for the W allele die 
perinatally, are severely anemic and mast cells derived from 
W/H fetuses do not proliferate when co-cultured with 
Balb/3T3 fibroblasts (63, 38). The W v and S« alleles both 
specify a partially defective c-kit receptor and homozygous 
mutant animals are viable (64, 65, 38). Homozygous W v 
animals have severe macrocytic anemia and their mast cells 
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display a minor response in the co-culture assay, and 
homozygotes for the less severe W 41 allele have a moderate 
anemia and their mast cells show an intermediate response in 
the co-culture assay. Homozygous and heterozygous mutant 
and +/+ mast cells were derived from the bone marrow for the 
W v and W 41 alleles and from day 14 fetal livers for the w 
allele as described previously (38) . Fetal liver derived 
W/W mast cells did not proliferate in response to KL whereas 
both heterozygous (H/+) and normal (+/+) mast cells 
displayed a similar proliferative response to KL (Figure 4) • 
Bone marrow derived mast cells from W v /W v mice were severely 
defective in their response to KL, although some 
proliferation, 10% of +/+ values, was observed at 100 U/ml 
(Figure 4) . W v /+ mast cells in contrast to heterozygous W/+ 
mast cells showed an intermediate response (40%) in 
agreement with the dominant characteristics of this 
mutation. w 41 /w 41 and W 41 /+ mast cells were also defective in 
their ability to proliferate with KL, although less 
pronounced than mast carrying the W and the W v alleles, 
which is consistent with the in vivo phenotype of this 
mutation (Figure 4) • These results indicate a correlation 
of the responsiveness of mast carrying the W, W v and W 4i 
alleles to KL with the severity and in vivo characteristics 
of these mutations* In contrast, the proliferative response 
of mutant mast cells to WEHI-3CM (IL-3) was not affected by 
the different W mutations. 

KL stimulates the proliferation of peritoneal mast cells 

Mast cells of the peritoneal cavity (PMC) have been well 
characterized and in contrast to BMMC represent connective 
tissue-type mast cells (66) ♦ PMC do not proliferate in 
response to IL-3 alone; however, their mature phenotype and 
viability can be maintained by co-culture with NIH/3T3 
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fibroblast (67) . thus, it was of interest to determine 
whether KL could stimulate the proliferation of PMC. First 
c-kj£ was examined to determine if it is expressed in PMc' 
Peritoneal mast cells were purified by sedimentati n in a 
aetrizamide gradient and c-kj£ expression on the cell 
surface analysed by immunofluorescence with anti-c-fci£ sera 
or normal rabbit sera. The PMC preparation was 90-98% pure 
based on staining with toluidine blue and berberine sulfate 
Berberine sulfate stains heparin proteoglycans in granules 
of connective tissue mast cells and in addition the dy is 
also known to stain DNA (Figure 5) (62) . BMMC and muc sal 
mast cells contain predominantly chondroitin sulfate di-B/E 
proteoglycans rather than heparin proteoglycans (67)- 
berberine sulfate therefore did not stain the granules in 
BMMC (Figure 5A) . Analysis of o-Jtffc expression by flow- 
cytometry indicated that virtually all PMC expressed c-fcifc 
at levels similar to those observed in BMMC (Figure SB) . KL 
was then examined to determine if it would effect the 
survival or stimulate the proliferation of PMC (Figure 5C) 
Culture of PMC in medium alone, or by the addition of WEHI- 
3CM at concentrations optimal for BMMC, results in loss of 
viability of PMC within 3-4 days although a few cells 
survived in WEHI-3CM for longer periods. Culture of PMC in 
the presence of KL sustained their viability and after tw 
weeks the cell number had increased from 5000 to 60,000. A 
sxmilar increase in the number of BMMC was observed in 
response to KL. In contrast to the lack of a proliferative 
response of PMC to WEHI-3CM, BMMC's proliferated with WEHI- 
3CM as expected. After one and two weeks in culture, cells 
were stained with toluidine blue and berberine sulfate. The 
mature phenotype of PMC was maintained in culture with 100% 
of cells staining with both dyes, although the staining with 
berberine sulfate was somewhat diminished when c mpared with 
freshly isolated PMC. 
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KL Stimulates the formation n-f cT-ythroid h u rsts fBrTT-fl ) 

An important aspect of fi mutations is their effect on the 
erythroid cell lineage. The in vivo consequences of this 
defect are macrocytic anemia which is lethal for homozygotes 
of the most severe alleles (47, 65). Analysis of erythroid 
progenitor populations in the bone marrow of W/w v mic 
indicates a slight decrease of BFU-E and CFU-E (68,69). m 
livers of w/w fetuses the number of BFU-E is not affected 
but a large decrease in the number of CFD-E is seen 
suggesting a role for c-fcifc at distinct stages of erythroid 
maturation presumably prior to the CFU-E stage (35). m 
order to evaluate a role for KL in erythropoiesis and to 
further define its relationship to the c-kit receptor, the 
effect of KL on BFU-E formation was determined. Bone 
marrow, spleen and fetal liver cells were plated, by using 
standard culture conditions, in the presence and absence of 
KL, erythropoietin and WEHI-3 CM. BFU-E were then scored n 
day 7 of culture. in the absence of erythropoietin, no 
erythroid growth was observed with either WEHI-3 CM or KL. 
In the presence of erythropoietin, BFU-E from spleen cells 
were stimulated by KL in a dose dependent manner, from 12 
BFU-E/ 10 6 cells with erythropoietin alone to 50 BFU-E/ 10 6 
cells with maximal stimulation at 2.5 ng of KL/ml (Figure 
6) . in addition to the effect on the number of BFU-E, the 
average size of the bursts was dramatically increased by KL. 
THe number of BFU-E obtained by using spleen cells with KL 
+ erythropoietin was similar to the number observed with 
WEHI-3 CM + erythropoietin. In contrast, KL + 

erythropoietin did not stimulate the proliferation of BFU-E 
from bone marrow cells, whereas WEHI-3 CM + erythropoietin 
induced the formation of 18 BFU-E from 10 s bone marrow 
c lis. The effect of KL n day 14 fetal liver cells was 
also examined and similar results were observed as with 
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spleen cells. A significant nu»b«r or BFU-E from ratal 
liver cans wera with erythropoietin alone- 

howavar, this nu»ber incraasad fro. 6 * 2 to 20 * s » it 
ng/»l or KL. m the presence or wehi ". 3 L ! 
erythropoietin xs ± 3 BFU-E were obwv , d with f ^ ^ 



To further avaluat. th. relationship or KL to e-kit in th. 
"ythroid lineage, it was assessed whether KL f^ii" es 

cell, or H/H mice. H/H and n/ + or +/ + i iver c . lls w . re 
prapared fro» r.tuses at day l S .s or gestation rro» M tin, 

r^htT;, t0tSl n,mber ° f nUCle - t « d «=uc.I 

to th. healthy retuses. The number or BFU-E tro» H/ w ^ 

» 3 " 1(1 UW ~ 8ll * ilar in ^=-wi^ 

» 3 + erythropoietin and the low level or BFU-E in cultures 

9rown with erythropoietin alone was comparable a. wtl" 

witT^ " ~ ^ Stl " Ulate BFD - E 1-als seen 

vith erythropoietin alone for H/H ratal liver cells, whereas 
as the number of KL dependent BFU-E from H /+ or +/+ liver 

11 3 Si ° 1Xar ^ th °" ° btained " ith •'VthroPoi.tin «. 

1L-3. This result suggests that responsiveness or erythroid 
progenitors to KL is dependent on c-fcii runction. 

Binding studio. n„, )fl Tl m 

f^"** ^ ™" labelled wlth " 5l «W «*. chlora-ine T 
method to a high speciric activity, i.e., to 2.8 x 10* 
cp»/ng. using the labelled KL, speciric binding of KL to 
Mst cells was detected. However, with W/w mast cells, no 
binding was detected and good binding to mast cells of 
littermate. was seen. After binding t mast calls, KL 
coprecipitated with antisera t c-Si£. i„ additi n, binding 
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f KL to W mutant mast c lis c rrelates with c- kit 
expression on the cell surface, V, 37(+) versus W(-) . 

Pgtermjng^jon of the Peptide sequence of the clrit 1 i an pH 

The c-kj£ receptor protein was isolated as described 
hereinabove and the sequence of the protein was determined 
by methods well known to those of ordinary skill in the art. 
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' 1 T X . "f?" - 1 * * eid M *» n « «* protein from 
the N-temxnal is: 

KBIXOHPVTDSVKDITKI.VANLPND 
VMITLHYVAGMXVLP, 



with: 



K-lysine; glutamic acid; I=isoleu=ine; x-unknovn- 
glycine, N-.sp.ragi,,.; P-p ro i in e ; v-v.li„e; T=threoni„. 

Experimental ni« 7 ncc| 7n • 

arT ^.rf **** ^ locus and th. c-JOt proto-oncog.„. 

ur- .ll.Ho r.v.,l.d important information about the 
function of ^ in developmental prooe.se. and in the 
adult animal. The knowledge of th. function of the c-ki* 

anT^lx ^ r " tUr " Pr ° V " ed 1, * 0rt "' t »^»t tissues 

.nd c.11 types which produce th. lig.„ d of the e-klt 

. ^ a " t0 idWtify 0,8 • » 

ZZ^l , r,"" PUrlfl « d > d «^t-d KL, fro. conditioned 
m.diu» of Balb/3T3 fibroblasts, a cell type suspected t 
produce the c-fcU ii g . na , whieh ^ biological M 
expects of th. o-fcit lig .„ d wltn to ^ ^ 

biology and erythropoiesis. KL ha. a molecular mas. f 30 
W> and an isoelectric point of 3.8. KL is not . disulfide 
link-d dimer, in contrast to CSF-I, pdgp-a .nd pdgf-b which 
have this property (70, 71). Although, the brtavior of KL 
upon g.l filtr,tion in PBS indicat-d . size of 55 - 70 kD 
which i. consistent with th. presenc. of non-covalently 
linked dimers under physiological conditi ns. KL is 
different from other hematopoietic gr wth fact rs with 
effects on mast cells, such as IL-3 and IL-4, based on its 
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ability to stimulate the pr liferation of BMMC and purified 
peritoneal mast cells (CTMC) , but not BMMCs from W mutant 
mice. Balb/3T3 fibroblasts are a source for the 
hematopoietic growth factors G-CSF, GM-CSF, CSF-i, LIF and 
5 IL-6; however, none of these have the biological activities 

of KL (35, 71). Furthermore, preliminary results from the 
determination of the protein sequence of KL indicate that KL 
is different from the known protein sequences. 

10 An essential role for c-fcj£ and its ligand in th 

proliferation, differentiation, and/or survival of mast 
cells in vivo has been inferred because of the absence of 
mast cells in W mutant mice (72, 73). The precise stag (s) 
at which c-fci£ function is required in mast cell 
15 differentiation are not known. Mast cells derived in vitro 

from bone marrow, fetal liver, or spleen with IL-3 resemble 
mucosal mast cells (KMC), although they may represent a 
precursor of both types of terminally differentiated mast 
cells, MMC and CTMC (66) . Apparently, c-kj£ is not required 
20 for tne generation of BMMC from hematopoietic precursors 

since IL-3 dependent mast cells can be generated with 
comparable efficiency from bone marrow or fetal liver of 
both normal and W mutant mice (60) . The demonstration of c- 
&i£ expression in BMMC and CTMC/PMC and the corresponding 
responsiveness of BMMC and mature CTMC/PMC to KL suggests a 
role for c-fcifc at multiple stages in mast cell 
differentiation. in addition to fibroblasts, it has been 
shown that the combination of IL-3 and IL-4, IL-3 and PMA, 
or crosslinking of igE receptors can stimulate the 
proliferation of CTMC in vitro (74, 75, 76, 77, 78). in 
contrast to these biological response modifiers, which are 
mediators of allergic and inflammatory resp nses, KL by 
itself in the presence of FCS is capable of stimulating CTMC 
pr liferati n. Theref re, KL may have a mast cell 
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pr liferati „ and differentiation activity which is 
i^ndent fro. these i^e responses for it, production 
and action on target cells. 

Ts^ZT H ' Utati ° M °» erythropoieai. indicate a „ 

" fe^T , " naly " 1S ° f Progenitors 

little °' ^ " tUSeS ««* 

«tura^ SUOTMt - d *» th. absence e- m function, 

maturation precede nor-ally to the BPU-E stage, but thai 
progres.xon to the cpo-e .taae i. auppreasj (M) . £ 
7f"' *"* d ' feCt »» overcce by th. inclusion of 

sufficient T: yS T' " hiCh t ° 9 * ther " lth «^»Poi.tin is 
and t,l T. f " llltat - duration of BPO-E fro. w/„v 

process T r ° W (7< " * ^ ^ * " Xe £ « IL - 3 *» ^ 

Process ls not known and therefor. c-Ut may serve a 

Jit fUBCtlon in *»• Progression through this stage f 

^T7o°™ t dl """ ntiati ° n - "" ' bility °< B to -l^U 
th. formation of erythroid bursts fro. spleen and fatal 

o III I" t0gether ^ «™^a«ln is consistent witn 
o-tot functioning ,t this stag. of erythroid 
differentiation. Further., th. ability ef T t 

f TSTJ?* " U " Mt U,at i- reouired 

lllJZ . BFD " E ,0 ™" ion — thi. is ,i»ii. r to th . 

reouir„.„ t of =-iO£ function for n „di.t«d „a, t cell 

ITtt * arati0n - A bur " Promoting effect of Balb/3T3 cell, 
on th. diff. r .ntiation of BPO-E fro. fetal liver cells had 
be.n d.scribad previously (79) . it is li^iy ^t KL is 

30 "T nSibXe *** bUrSt activity of Balb/3T3 

Cresting ""ding of this study is the 
inability of kl to sti.ul.te day 7 BPO-E from bone .arrow 
cells. This result suggest, that BPO-E in fetal liver, 
adult spi.. n an<1 adult bone .arrow differ in their gr wth 
r«ju l re.ent,. Recent exp«ri»ent, indicate that KL .ay 
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stimulate an earlier erythroid-multipotential precursor in 
bone marrow which appears at later times in culture (day 14- 
20). To demonstrate a direct effect of KL on BFU-E 
formation and to rule out the involvement of accessory cells 
5 or other endogenous growth factors, experiments with 

purified progenitor populations need to be performed. 

In addition to the defects in erythropoiesis and mast cell 
development, W mutations are thought to affect the stem cell 
10 compartment of the hematopoietic system. The affected 

populations may include the spleen colony forming units 
(CFU-S) which produce myeloid colonies in the spleen of 
lethally irradiated mice as well as cell with long term 
repopulation potential for the various cell lineages (81, 
46, 47, 81, 82) . It will now be of interest to determine if 
there is an effect of KL in the self-renewal or the 
differentiation potential of hematopoietic stem cell 
populations, possibly in combination with other 
hematopoietic growth factors, in order to identify the 
stage (s) where the c-fci£/H gene product functions in the 
stem cell compartment. 

Mutations at the steel locus (SI) of the mouse produce 
pleiotropic phenotypes in hematopoiesis, melanogenesis and 
gametogenesis similar to those of mice carrying W mutations 
(47, 51). However, in contrast to W mutations, si 
mutations affect the microenvironment of the cellular targ t 
of the mutation and are not cell autonomous (46). Because 
of the parallel and complementary effects of the jg and the 
SI mutations, it has been suggested that the SI gene enc de 
the ligand of the.c-fcit receptor or a gene product that is 
intimately linked to the production and/or function of this 
ligand (9) . in agreement with this conj cture £1/Sl d embryo 
fibr blasts or conditioned medium fr m Sl/Sl d fibroblasts 
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fail to sup p rt the pro i iferation Qf BMfc and nast 
progenitors, respectively, and presumably do not produce 
functional KL (16,84). if KL is the ligand of the 

detet° r '.< n ° leCUlar will enable ^ 

determination of the identity of KL with the gene product of 

a^infl . OCU8; ^ additi ° n ' ° ne Predict that 

ITA ° f " t0 ^ Carry±ng 51 nations would 
lead to the cure of at least some symptoms of this mutation. 

The 14 *b cDNA clone is used to screen a human fibr blast 
or a human placenta library using the methods disclosed 
hereinabove. Upon isolating the gene which encodes the 
human c-iOt ligand, the gene will be characterized using the 
methods disclosed hereinabove. * 

EXPERTHFNT NTTMBER ? - tsot.ttom op ™ ArTn CWTTfrT 

Experiment*] ^teri fl ^ ? 
Mice and frif«»" e C ul^ r o 

WBB6 +/+ , C57BL/6J, C57BL/67 WB 6W/+ , C3HeB/PeJ a/a Ca' 

SI Hm, and M. spretus mice were obtained from The Jaclcson 
Laboratory (Bar Harbor, ME). For the interspecific cr ss, 
female C57B1/6J and male M. spretus mice were mated; progeny 
of this cross were scored for inheritance of C57BL/6J or M 
spretus alleles as described infra. (C57BL/6J x M. spretus) 
Fl female offspring were backcrossed with C57BL/6J males. 

wv!l CellS Were 9rown fr0n th « *»- »««w of adult +/+ , 
W /W and W/ + mice and w/w fetal liver of day 14-15 fetuses 
in RPMI 1640 medium supplemented with 10% fetal cell serum 
CFCS), conditioned medium from WEHI-3B cells, nonessential 
amino acids, sodium pyruvate, and 2-mercaptoethan 1 (rpmi- 
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C mplete) (36,60). BALB/c 3T3 cells (1) were obtained from 
Paul O'Donnell (Sloan-Kettering Institute, New York, New 
York) and were grown in Dulbecco's modified MEM supplemented 
with 10% calf serum, penicillin, and streptomycin. 

5 

Purification and Amino acid spou«> nee ^ T rm ± n ^ nr] nf ^ 

KL was purified from conditioned medium of BALB/c 3T3 cells 
by using a mast cell proliferation assay as described 
X0 elsewhere (37) . Conditioned medium was then concentrated 

100- to 200-fold with a Pellicon ultrafiltration apparatus 
followed by an Amicon stirred cell. The concentrate was 
then chromatographed on Blue Agarose (Bethesda Research 
Laboratories, Gaithersburg, MD) , and the flow-through, which 
15 contained the active material, was concentrated in dialysis 

tubing with polyethylene glycol 8000 and then fractionated 
by gel filtration chromatography on an ACA54 Ultrogel (LKB, 
Rockland, MD) column. The biological activity eluted as a 
major and a minor peak, corresponding to 55-70 kd and 30 kd T 
20 respectively. The fractions of the main peak were pooled, 

dialyzed, and fractionated by FPLC on a DEAE-5PW column with 
an NaCl gradient. The activity eluted at 0.11 M MaCl from 
the FPLC column. Peak fractions were pooled and subjected 
to HPLC with a semi-preparative C18 column and an ammonium 
25 acetate-n-propanol gradient. The active material eluted at 

30% n-propanol from the semipreparative C18 column was 
diluted l:i and re-chromatographed by using an analytical 
C18 column. A single peak of activity eluted again at 30% 
n-propanol, which corresponded to a major peak of absorbance 
30 (280nm) in the eluant profile. Similar results were 

obtained by using a C4 column with H 2 0 and acetonitrile 
containing 0.1% TFA as solvents. N-terminal amino acid 
s quence was determined on an Applied Bi systems 477A on- 
line PTH amino acid analyzer (Hewick et al., 1961). 
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KL was iodinated with chloraaine T with modifications of the 

S T ley "* (1981> ' theTa^; 

reaction contained 200 no of KL 2 w, 
, . _ w , ^" ia< ' 2 naol of chloramine T. 10* 

.total volu». or 25 rt in 0.25 M phosphate buffer (pH « 5, . 

^"•^-r «* * -*»• at 4-e and stopped 

by the audition of 2 mo i of cysteine and 4 « Kt „ 
was then separated fro. free Nal by gel filtration on"' pdS 
col,™ (Pn^acia, . iodinated KL vas stored for up t 2 
weeks at 4»c. p 

Binding "gsay 

Binding buffer contained aPKI lM0 „.diu», s% BSA (si™, 

no°nat HE T ™ ^ ^^^L 
nonadherent cells were carried out in 9 «-„.ll tissue culture 

dishes with 2 x !0» cell, per well in a volu.. of 100 

well'dL^r'""* 8 ^ * 2 Cel1 " We " WrlM «* ^ 24- 
In bindin" tV, V ° 1UD " ° f C-Xl8 Ver « ^"^rated 

^"^"! r ° r lib9led «" 10 -«t«n.in. nonspecific binding, 
unlabeled n or anti-c-fcit rabbit ser™ v.. added in . Jl 
fold excess 30 minutes prior to the addition of "'z-KL 

n! inCUb " ed "'l-tt for 90 .mutes, and 

nonadherent cells were pelleted through ISO „1 of PCS. Cell 
P e ""te were frozen and counted. 

BHMC were incubated vith ^Z-KL under stand«d binding 
conditions and washed in PCS and then in PBS at 4«c. cells 
were lysed as pr viously described (35) in 1* irit n x-100. 
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20 bM Tris ( P H 7.4), 150 mM Nad, 20 mM EDTA, 10% glycerol, 
and protease inhibitors phenylmethylsufonyl fluoride (lmM) 
and leupeptin (20 /*g/ml) . Lysates were immunoprecipitated 
with normal rabbit serum, or c-fcit specific sera raised by 
5 immunization of rabbits with a fragment of the v-fcifc 

tyrosine kinase domain (23) ; or the murine c-kli expressed 
from a cDNA in a recombinant vaccinia virus (36) . For 
coprecipitation experiments, immunoprecipitates were washed 
three times with wash A (0.1% Triton X-100, 20 mM Tris [pH 
10 7.4], 150 mM NaCl, 10% glycerol), solubilized in SDS sampl 

buffer, and analyzed by SDS-PAGE and autoradiography. For 
cross-linking experiments, cells were incubated with 
disuccinimidyl substrate (0.25 mg/ml) in PBS for 30 minutes 
at 4»c, washed in PBS, and lysed as described above. 
Washing conditions following precipitation were as follows: 
one time in wash B (50 mM Tris, 500 mM NaCl, 5 mM EDTA, 0.2% 
Triton X-100) , three times in wash C (50 mM Tris, 150 mM 
NaCl, 0.1% Triton X-100, 0.1% SDS, 5mM EDTA), and one tim 
in wash D (io mM Tris, 0.1% Triton X-100) . 
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CPNA synthesis, pep amplification rur-P C Ri . and „» T ,o^ 

determination 

The RT-PCR amplification was carried out essentially as 
described (53). For cDNA synthesis, 1 fig of poly (A)" RNA 
from confluent BALB/c 3T3 cells in 25 jil of 0.05 M Tris-HCl 
(pH 8.3), 0.075 M KC1, 3 mM MgCl 2 , io mM dithiothreitol , 200 
MM dNTPs and 25 U of RNAsin (Promega) was incubated with 50 
pmol of antisense primer and 50 U of Moloney murine leukemia 
virus reverse transcriptase at 40 »C for 30 minutes. Another 
50 U of reverse transcriptase was added, and incubation was 
continued for another 30 minutes. The cDNA was amplified by 
bringing up the reaction v lume t 50 pi with 25 nl of 50 mM 
KC1, lOmM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 , 0.01% (w/v) 
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gelatin, and 200 mM dNTPs, adding 50 pmol of sense primer 
and 2.5 U of Taq DNA polymerase, and amplifying for 25-30 
cycles in an automated thermal cycler (Perkin-Elmer Cetus) 
The amplified fragments were purified by agarose ael 
electrophoresis, digested with the appropriate restriction 
enzymes, and subcloned into M13mpl8 and K13mpi 9 for sequence 
analysis (49) . * 

CPNA isolation semiPnr^g 

A mouse 3T3 fibroblast lambda gii cONA library obtained from 
Clontech was used in this work. Screening in duplicate was 
done with Escherichia coli Y1090 as a host bacterium (48) • 
5« end-labeled oligonucleotide was used as a pr be' 
Hybridization was in 6X ssc at 63 -c, and the final wash of 
the filters was in 2X SSC, 0.2* SDS at 63 Recombinant 
Phage were digested with EcoRI and the inserts subcloned 
into M13 for sequence analysis. The nucleotide sequence of 
these cDNAs was determined, on both strands and with 
overlaps, by the dideoxy chain termination method of Sanger 
et al. (49) by using synthetic oligodeoxynucleotides (17- 
mers) as primers. 

DNA and rma a n »-i Y rir 

Genomic DNA was prepared from tail fragments, digested with 
restriction enzymes, electrophoretically fractionated, and 
transferred to nylon membranes. For hybridization, the 1.4 
kb KL cDNA and TIS Dra/Sal (a probe derived from the 
transgene insertion site in the transgenic line TG.EB (85) 
were used as probes. 

BALB/c 3T3 cells wer h mogenized in guanidinium 
isothiocyanate, and RNA was is lated according the method of 
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Chi-gwin et al. (io) . Total cellular RNA (io /tig) and 
poly (A)* RNA were fractionated in 1% agarose-formaldehyde 
gels and transferred to nylon membranes (Nytran, Schleicher 
& Schuell) ; prehybridization and hybridization were 
performed as previously described (86, 35). The 1.4 kb KL 
cDNA labeled with [ 32 P] phosphate was used as a probe for 
hybridization (87) . 

Preparation Of C-fr.it and C-kit licrand monoclonal antlhnHi^ 

For the isolation of human monoclonal antibodies, eight week 
old Balb/c mice are injected intraperitoneal ly with 50 
micrograms of a purified human soluble c-kit ligand (KL) 
polypeptide, or a soluble fragment thereof, of the present 
invention (prepared as described above) in complete Freund's 
adjuvant, 1:1 by volume. Mice are then boosted, at monthly 
intervals, with the soluble ligand polypeptide or solubl 
ligand polypeptide fragment, mixed with incomplete Freund's 
adjuvant, and bled through the tail vein. On days 4, 3, and 
2 prior to fusion, mice are boosted intravenously with 50 
micrograms of polypeptide or fragment in saline. 
Splenocytes are then fused with non-secreting myeloma cells 
according to procedures which have been described and are 
known in the art to which this invention pertains. Tw 
weeks later, hybridoma supernatants are screened for binding 
activity against c-fcifc receptor protein as described 
hereinabove. Positive clones are then isolated and 
propagated . 

Alternatively, to produce the monoclonal antibodies against 
the c-kj£ receptor, the above method is followed except that 
the method is followed with the injection and bo sting of 
the mic with c-kJLt recept r protein. 
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Alternative, £ r the t.ol.tio„ of .urine monoclone! 
««bodxe. Spragu.-D.vxey rat. or Louis rats are inielted 
with ~rx« derived polypeptide and the resu^na 

Experimental 




3T3 cells by a series of chromatographic sten* 

-.r.inai 4 . ^jaT^rt^r^r th - 

fun d v r r a 9 n ° nde « enerat « homologous hybridization probe, 

l o y .oTdrrotirter 1 ' 0 ^ priMrs ——-J* - 

8 10 16 (sense primer) and 31-36 fantisinc- 

» ^ mRNA sequences that specify 

"alcrinf ■ °* tt W " ° btained * «- "vers. 

tel^e' / " *"* tTOm BMB/C " S C ""» — <— a. 
template for cdna synthesis and pcr amplification lB 

combination with the degenerate oligonucleotide p":.™ . " 

The a-plified DNA fragment was subclone* i„t „ 13 , and th . 
sequences for three inserts were determined. The s gtnce 
in between th. primers was found to be unigue and to s^cify 
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"the correct amin acid sequence (Figure 8) . An 
oligonucleotide (49 nucleotides) corresponding to the unique 
sequence of the PCR products was then used to screen a X 
gtll mouse fibroblast library. A 1.4 kb clone was obtained 
5 that, in its 3- half, specifies an open reading frame that 

extends to the 3 • end of the clone and encodes 270 amino 
acids (Figure 11) . The first 25 amino acids of the KL amino 
acid sequence have the characteristics of a signal sequence. 
The N-terminal peptide sequence that had been derived from 
10 the purified protein (amino acids 26-65) follows the signal 

sequence. a hydrophobic sequence of 21 amino acids 
(residues 217-237) followed at its carboxyl end by 
positively charged amino acids has the features of a 
transmembrane segment. In the sequence between the signal 
peptide and the transmembrane domain, four potential N- 
linked glycosylation sites and four irregularly spaced 
cysteines are found. A C-terminal segment of 33 amino acids 
follows the transmembrane segment without reaching a 
termination signal (end of clone). The KL amino acid 
sequence therefore has the features of a transmembrane 
protein: an N-terminal signal peptide, an extracellular 
domain, a transmembrane domain, and a C-terminal 
intracellular segment. 
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RNA blot analysis was performed to identify KL-specific RNA 
transcripts in BALB/c 3T3 cells (Figure 12). A major 
transcript of 6.5 kb and two minor transcripts of 4.6 and 
3.5 Jcb were identified on a blot containing poly (A)* RNA by 
using the 1.4 kb KL cONA as a probe. Identical transcripts 
were detected by using an end-labeled oligonucleotide 
derived from the N-terminal protein sequence. This result 
then indicates that KL is encoded by a large mRNA that is 
abundantly expressed in BALB/c 3T3 cells. 
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The fibroblast-derived hematopoietic growth factor KL had 
been shown to facilitate probation ot 
~rrow mast cu. and peritoneal „ a st Mll8 Infl ^ ^™ 
«ythroid bux.t-pro.otmg activity. To determine u Z £ 
th. Ixgand of th. c-fcii r.c.ptor, it v.. first thou-lt to 

« KL to clxs that eSL s 
high ieveis of th. c-fcii protein.- ..at c.11. (BM ,c> and hih 
♦2 cell, expressing th. c- m cDMA. KL was i a bei. d to hlgh 

?«f vtty with 1251 ty usi -' th - <*i««i* 

T -thod (88, . Analysis of th. labeled material by SDS-PAGE 

proliferation assays indicated that th. labeled material had 
r.tam.d it. biological activity. Binding o, inching 
concentration, of "Sx-kl tQ m ^ 
tat cdha, NXH .2 control cells, normal B«MC, and wj» 

F^gur. 14 indxcat. binding of labeled KL to km .2 c-Jcit 
c.lls and to -/-, h/ + , and oast ells, but not to NIH 

l"" tr ; ca , lls or w/M Mst ceiis - wt ™ t »"°» « «>. 

r.«ult of a »is..ns. station in th. kinas. domain of c-JOt 
that impairs th. in aetivltv ^ n t 

.£f.ct th. «xpr.ssion of th. c - m prot . in „„ ^ ^ 
surface ( 36>. By contrast, w r..ults fro* a d.l.tion du. to 
. splicing d«f.ct that removes th. transmembrane do»ain of 
th. c-ltu protain; th. P rot.i„ th.r.for. is not .xpr.ss.d on 
th. c.11 surface (3«) . Furthermore, binding of 1"i-kl 
b * ( :°" Pl " ed with -»lab.l.d KL and with two diff.r.nt 
" s ""°^ «>tisera. Th... r .s»its indicafd binding of 
1-l.bel.d KL c.11. that express c-U£ on th.i r c.11 
surface. 

To btain m r. direct evidenc that KL is th. ligand f th. 
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c-fc±fc receptor, it was determined if recept r-ligand 
complexes could be purif ied by immunoprecipitation with c- 
antisera. This experiment requires that a KL-c-kit 
complex be stable and not be affected by the detergents used 
for the solubilization of the c-fci£ receptor. Precedent for 
such properties of receptor-ligand complexes derives from 
the closely related macrophage colony-stimulating factor 
(CSF-1) receptor and PDGF receptor systems (89) . 12s i-kl 
was bound to receptors on BMMC by incubation at 4«C. Upon 
washing to remove free 125 I-KL, the cells were solubilized 
by using the Triton X-100 lysis procedure and precipitat d 
with anti-v-kifc and anti-c-kj£ rabbit sera conjugated to 
protein A-Sepharose. 125 I-KL was retained in 

immunoprecipitates obtained by incubation with anti-kj£ sera 
but not with nonimmune controls, as shown by the analysis of 
the immune complexes by SDS-PAGE (Figure 15A) , where 
recovery of intact 125 I-KL was demonstrated from the samples 
containing the immune complexes prepared with anti-kit: sera. 

20 To further characterize the c-ki£-KL receptor-ligand 

complexes, it was determined whether KL could be cross- 
linked to c-kl£. BMMC were incubated with 125 I-KL, washed 
and treated with the cross-linked disucciminidyl substrate. 
Cell lysates were then immunoprecipitated with anti-v- kit 
25 antiserum and analyzed by SDS-PAGE. Autoradiography 

indicated three species: one at approximately 30 kd, 
representing KL coprecipitated by not cross-linked to c-kitr 
one at 180-190 kd, corresponding to a covalently linked c- 
ki£-KL monomer-monomer complex; and a high molecular weight 
structure that is at the interface between the separating 
and stacking gels (Figure 15B) . Molecular structures of 
similar size were observed if the cell lysates were 
separated dir ctly n SDS-PAGE without prior 
immunoprecipitation. F llowing pr cipitation with nonimmune 
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serum, n "'l-UW d molecules wer bserved. The 
formation of the high molecular weight structures was 
dependant on the incubation of KL with mast cells and was 
not observed by cross-linXed KL with itself. Taken together 

sr ts p r ide evidence ttat ■* ~w -i-s 

the c-Jtit receptor and is a ligand of c-fcj£. 
flapping of kt. the si 7 ? ~ TI7 

aTlvs! WhSther ^ 13 eaCOd * d " l< ~»' «==»>ination 

analysis was used to de,«mi». th. up 

respect to a locus that is tightly li„k.d to SI. This 4 c " 

, ! - °* trans 9"- insertion in th. transgenic 

line TG.EB . xt was defined that genomic seguing 

This therefore represents th. closest known marker to SI. 

To map KL „ith respect to the transgen. insertion site 
interspecific mapping analy8is w „ util^na 
crosses of CS7BL /SJ mice with .ice of the specV.s "us 

r«tr^;- Strate9V * XPl ° itS °>»«-ation that 

III art I a9Dent len91 * P 01 ^"- (mi.) for clon d 
DHA are observed much nor. frequently between nice of 
different species than between different inbred laboratory 

^T""'' 01 • l.« "» cDNA probe and 

TIS Dra/Sal, a probe from the trans,™. ins.rtlon sit., was 
assessed by scoring for concordance of inheritance of their 
respective C57BL/6J or H. spretus all.l.s. Th... could b. 
30 I", dl " inguish<! ' 1 * «.lyzing RFLPs that ar. r.v.,ied by 

Ta,l restriction digests. The result, of this link.,. 

fou^d 8 " "T ShOWn ^ TablS 2 - — """"-ant was 

found xn 53 progeny. This corresponds to a recombination 
percentage of l. 9 ± 1-9 . slnc . ^ ^ ^ ^ ^ 

«*e genetic distance „.a. ur .d between th. transg.n. 
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insertion site and si, this result is consistent with the 
notion that KL maps to the SI locus. 



Table 2. Mapping of the Position of the KL Gene by Linkao 
Analysis Using an Interspecific Cross Y ilrucag 



10 



Progeny 



Probe 



Nonreconinant 



Recombinant 



15 



20 



25 



30 



35 



40 



45 



1.4 kb KL cONA 


B6 


Sp 


B6 


Sp 


TZS Dra/Sal 


B6 


Sp 


Sp 


B6 




32 


20 


0 


1 


n - 53 




% recombination 


= 1.9 ± 





The concordance of inheritance of C57B1/6J (B6) or M 
spretus (Sp) alleles in progeny of an interspecific cross 
i Se f f££ erilDental Procedures) was determined by scoring for 
TAq LS n f m °* «»• 1.4 kb cDNA probe and TIS Dra/Sal (1 
probed from a transgene insertion site that is tightly 
linked to si; see Results). Percent recombination was 
calculated according to Green (1981) . 



The locus identified by KL was also examined in mice that 
carry the original si mutation (50) . For this purpose, th 
observation that the transgene insertion site locus is 
polymorphic in inbred strains was taken advantage of, and 
was utilized to determine the genotype at SI during fetal 
development. C57BL/6J mice that carry the SI mut?tion 
maintained in the C3HeB/FeJ strain were generated by mating, 
and Fl progeny carrying the SI allel were intercrossed 
(C57BL/6J S1 3CH /+ sl c3 */ +) . Horn zygous SIISI progeny from 
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toUT^r."" " neB1C "* . C3HeB,Fej- 

derived BFI* .t the transgene slt . (plgur / 

Hon^emac Mice are mlthmr heterozygous S1 I+ or wi£ " 
and are heterozygous tor the C3HeB/FeJ— and CSTBL/SJ-derived 
polymorphism or are homozygous for the C37BL/S 

hybridization to the homozygous SIISI dna „a. observed 
(Figure . « t^ appear . ^ thfl locus ™ 

KL protein is d.i.t. d ln ^ sl 

further support, the notion that KL i. the produ^ of t^s! 

^6 TIG * 

Experimental Piseuss, ? n 

2' ^ COVery ° f the o-iU proto-oncogene 

and the murine « locus reveal the pleiotropic function! f 
~ 1!" ™ Mptor in "^.lopment and in the adult animal 
Furthermore, it provided the first genetic system of a 

Mutatxons at the Sl lo cus and at the c- m/H locus affect 
the same cellular targets. Because or the complementary and 
parallel properties of these mutations, it was propos.7th.t 
the l lg .„ d of the c- m receptor i. encoded by the SI locus. 

The experiments reported herein provide evidence that the sl 
gen. encode, the ligand of the =-*i£ receptor. The evidence 
for this conclusion is a follows. Based on the knowledge of 

^o.nT Ct ,T k 01 " CePt0r «. « P-tativ. 

ligand of the c-JOS receptor designated KL was identified 
and purged (37) . it was also demonstrated that specific 
binding of KL to the c-fcit recept r, a. evidence by the 
binding of KL to cells expressing a functional c-kit 
receptor and the formation of a stable complex between KL 
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and the c-fcifc protein. KL-specific cDNA clones were derived 
and it was shown that KL maps to the SI locus on mouse 
chromosome 10. In addition, it was also demonstrated that 
KL sequences are deleted in the genome of the SI mouse. 
5 Taken together, these results suggest that KL is encoded by 

the SI locus and is the ligand of the c-klt receptor, thus 
providing a molecular basis for the SI defect. 

The amino acid sequence predicted from the nucleotide 
10 sequence of the KL cDNA clone suggests that KL is 

synthesized as an integral transmembrane protein. The 
structural features of the primary translation product of KL 
therefore are akin to those of CSF-1. CSF-1 is synthesized 
as a transmembrane molecule, which is processed by 
proteolytic cleavage to form a soluble product that is 
secreted (91, 44). Presumable, like CSF-1, KL is also 
synthesized as a cell surface molecule that may be processed 
to form a soluble protein. The protein purified from 
conditioned medium of BALB/c 3T3 cells then would represent 
the soluble form of KL that was released from the cell 
membrane form by proteolytic cleavage. Although the post- 
translational processing and expression of the KL prot in 
have not yet been characterized, a cell surface-bound form 
of KL may mediate the cell-cell interactions proposed for 
25 the proliferative and migratory functions of the c-kit/w 

receptor system. in agreement with the notion of a cell 
membrane-associated form of KL, a soluble c -kit recept r- 
alkaline phosphatase fusion protein has been shown to bind 
to the cell surface of BALB/c 3T3 cells but not to 
30 fibroblasts derived from SII/SI mice (14). 

A most significant aspect of the identification f the 
ligand of th c-kj£ rec pt r li s in the fact that it will 
facilitate th investigati n f the pleiotr pic functions of 
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c-JOt- In the hemat p ietic system c-fcifc/W Mtatl ns a£f 
toe erythroid and mast cell lineages, and an effect on the 
stem cell compartment has been inferred as well 

IT^£ Cell J atUrati ° n C '^^ ***** « essential* role? 

and SIISI* anxmals is repressed, whereas the number of BFU-E 
remains normal, suggesting that c-J^/kl facilitates the 
progressxon from the BFU-E to the CFU-E stag of 

tTs f t er T: ti0n (9 °' 3S) - In ^ ~' - *~ ^shown 
to stimulate the proliferation and differentiation of bfu" 

(day 7) as well as earlier erythroid multipotential 
precursors in bone marrow, which appear at later times in 
culture (day 14-20) {37). ln 

An essential role for c-kit/Kl. i* »k. 

_■«,»„ ... .. SIS/KL in the proliferation, 

differentiate, and/or survival of mast cells In vivo has 

sTir : rr ' d beoaus# of 0,6 abMnca ° f — * ™ »d 

SI mutant mice (72 , 7 „. ^ preci8 . stag . (s) at which ^ 

iii/KL function is required in mast cell differentiation is 
not known. Tn . ^ derlvatio „ of Bmc 

sin=:u r = i eta L iiv " do " not *— **** «™*^ 

Since BMHC can be generated with comparable efficiency fr - 

de^Lr?, " BUtant mlC ' (60) - *PPlicants. 

demonstration o, proliferation of bmmc and connective 
tissue-type mast cells in response to KL indicates an. 

iz rrff /KL r* Buitipie stagM in — * » 

ttouott T nt i ati ° n indep * nd »' t °< *~ and !L-4, which are 
thought to be mediators of allergic and inflect ry 
responses (66, . m the stem cell compartment the affected 

r 0ne K P0SSlbly inClUde th " SPl,en =»10"y-*o™in, units 
(CTO-s , which produce myeloid colonies in the spleen of 
lethally irradiated mice, as well as cell, with 1 „g-term 
rep pulation potential for the various cell lineages (80, 
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81, 82, 83). It will now be f interest to determine the 
effect of KL on the self-renewal or the differentiation 
potential of hematopoietic stem cell populations in vitro 
possibly in combination with other hematopoietic growth 
factors, in order to identify the stage (s) where c -kit /KT, 
functions in stem cells. Another possible function for c- 
JOt might be to facilitate the transition from noncycling to 
cycling cells (31) . The increased radiation sensitivity of 
SIISI d and of W/w v mice might suggest such a role in stem 
cell dynamics; furthermore, the related PDGF recept r is 
known to promote entry into the cell cycle. 

In gametogenesis the W and SI mutations affect the 
proliferation and the survival of primordial germ cells, and 
their migration from the yolk sac splanchnopleure t th 
genital ridges during early development. in postnatal 
gametogenesis c-fci£ expression has been detected in immature 
and mature oocytes and in spermatogonia A and B as well as 
in interstitial tissue (39) . In melanogenesis c-kit/KL 
presumable functions in the proliferation and migration of 
melanoblast from the neural crest to the periphery in early 
development as well as in mature melanocytes. Th 
availability of KL may now facilitate in vitro studies of 
the function of the c-fcifc receptor in these cell systems. 

The microenvironment in which c-kit-expressing cells 
function is defective in SI mutant mice and is the presumed 
site where the c-fci£ ligand is produced. Because of the 
extrinsic nature of the mutation, the precise identity of 
the cell types that produce KL JLl vivo is not known. In 
v i^ ro systems that reproduce the genetic defect of the W 
and the SI mutations, however, have shed some light on this 
question. In the long-t rm bone marrow culture syst m, 
SIISI d adherent cells are defective but the nonadherent 
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hematopoietic cells are not, and in the mast cell-f ibroblast 
coculture system, SIISI d fibroblasts are defective but the 
mast cells are not (12, 16). The results from these in 
vitro systems then would suggest that hematopoietic stromal 
cells and embryonic and connective tissue fibroblasts 
produce KL. The BALB/c 3T3 cell line, which is of embryonic 
origin, expresses significant levels of KL and was the 
source for its purification. Knowledge of KL-expressing 
cell types may help to evaluate if there is a function for 
c-Jsii in the digestive tract, the nervous system, the 
placenta, and certain craniofacial structures, sites wher 
c-Jti£ expression has been documented (35, 39), No SI or W 
phenotypes are known to be associated with these c 11 
systems • 

Interspecific backcrosses were used to establish close 
linkage between the KL gene, the SI locus, and the transgene 
insertion locus Tg.EB on mouse chromosome 10. A similar 
approach had previously been used to map the Tg.EB locus in 
the vicinity of SI. The finding that the KL coding 
sequences are deleted in the original SI allele, however, 
supports the identity of the SI locus with the KL gene. The 
size of the deletion in the Si allele at this time is not 
known. It will be important to determine whether it affects 
neighboring genes as well. 

The lack of KL coding sequences in the SI allele indicates 
that this allele is a KL null mutation. When homozygous f r 
the SI allele, most mice die perinatal ly of macr cytic 
anemia, and rare survivors lack coat pigmentation and are 
devoid of germ cells (5). This phenotype closely parallels 
that of severe c- kit /W loss- f-functi n mutations, in 
agreement with the ligand-r c ptor relati nship of KL and c- 
fcjjfe. Although diff rences exist between SIISI and W/W 
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homozygotes, e.g., in germ cell development, SI may hav a 
more pronounced effect, and in hematopoiesis SI may caus a 
more severe anemia; however, it is not known if thes 
differences are a result of different strain backgrounds or 
are possibly effects of the SI deletion on neighboring genes 
(5). 

The original W mutation is an example of a c-fci£ null 
mutation (36) . When heterozygous with the normal allele, 
WI+ mice typically have a ventral spot but no coat dilution 
and no effects on hematopoiesis and gametogenesis. The weak 
heterozygous phenotype of WI+ mice is in contrast t the 
phenotype of heterozygous SII+ mice, which have moderate 
macrocytic anemia and a diluted coat pigment in addition to 
a ventral spot and gonads that are reduced in size. Thus 
50% gene dosage of KL is limiting and is not sufficient for 
normal function of the c-kJLt receptor, yet 50% dosage of the 
receptor does not appear to be limiting in most 
situations. 

The c-Jtit receptor system functions in immature progenitor 
cell populations as well as in more mature cell types ■ in 
hematopoiesis, gametogenesis, and melanogenesis. Severe SI 
or W mutations may block the development of these cell 
lineages, and therefore a function for the c -kit receptor in 
more mature cell populations would not be evident. SI and 
w mutations in which c-fcifc/KL function is only partially 
impaired often reveal effects in more mature cell 
populations. Numerous weak SI alleles are known. Their 
phenotypes, e.g., in gametogenesis and melanogenesis, will 
be of great value in the elucidation of the pleiotropic 
functions f the c-kj^ receptor system. 
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EXPERIMENT NUMBER 1 - kt.-i ^ rT| - ? 
Experimental M»^ nr j nl|Sr 
Mice and ti gB no « sui-t; Mr e 

"BBS + /+, C57BL/6J and 129/Sv-Sl</ + mice were obtained fro* 
the Jackson Laboratory (Bar Harbor, ME) (52) . 129/Sv-si*/* 
»ale and female mice were mated and day 14 fetuses were 
obtaxned and used for the derivation of embryonic 
fibroblasts according to the method of Todaro an^Z 
(54) . Mast cells were grown from bone marrow of adult +/+ 
»xce xn RPMI-1640 medium supplemented with 10% fetal calf 
serum (FCS) , conditioned medium from WEHI-3B cells, non- 
essential amino acids, sodium pyruvate, and 2-mercapto- 
ethanol (RPMI-Complete (C)) (36). Balb/3T3 cells (1) were 
grown in Dulbecco's Modified MEM (DME) supplemented with 10% 
calf serum (CS) , penicillin and streptomycin, cos-l c lis 
(18) were obtained from Dr. Jerrard Hurwitz (SKI) and were 
grown in DME supplemented with 10% fetal bovine serum; 
glutamxne, penicillin and streptomycin. 

Production of nn1-i-yr, ^ nt j K^ 1 ?; , 

Murine KL was purified from conditioned medium of Balb3T3 
cells by using a mast cell proliferation assay as described 
elsewhere (37). in order to obtain anti-KL antibodies one 
rabbxt was immunized subcutaneous ly with 1 fig of KL in 
complete Freund-s adjuvant. Three weeks later the rabbit 
was boosted intradermal^ with 1 „ g in incomplete Freunds 
adjuvant. serum was collected one week later and then 
bxweekly thereafter. The "^-labelled ^ ^ ^ ^ 
purpose was iodinated with chl ramine T with modifications 
of the method of Stanley and Gilbert as described previously 
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(38). 

CDNA Library Screen <n ? 

5 Poly (A) RNA was prepared by oligo (dT) -cellulose 

chromatography from total RNA of Balb/c 3T3 fibroblast, a 
custom made plasmid cDNA library was then prepared by 
Invitrogen Inc. Essentially, double-stranded cDNA was 
synthesized by oligo dT and random priming. Non-palindromic 
10 BstXI linkers were ligated to blunt-ended cDNA and upon 

digestion with BstXI the cDNA was subcloned into th 
expression plasmid pcDNAI (Invitrogen) . The ligation 
reaction mixture then was used to transform E. coli 
MC1061/P3 by the electroporation method to generate the 
15 plasmid library. The initial size of the library was 

approximately 10 7 independent colonies. For screening f 
the plasmid library an end-labelled oligonucleotide probe 
described previously was used (38) . Hybridization was d ne 
in 6X ssc at 63 "C and the final wash of the filters was in 
20 2X SSC and 0.2% SDS at 63 »C. The inserts of recombinant 

plasmids were released by digestion with Hindlll and Xbal 
and then subcloned into the phage M13mpl8 for sequence 
analysis . 

25 PCR amplification fRT-PCR) and seque n ce determination 

Total RNA from tissues and cell lines was prepared by the 
guanidium isothiocyanate/CsCl centrifugation method of 
Chirgwin (10) . The RT-PCR amplification was carried out 
essentially as described previously (38). The foil wing 
primers were used for RT-PCR: 

Primer #1: 5 • -GCCCAAGCTTCGGTGCCTTTCCTTATG-3 • (nt. 94-107); 



30 



BNSDOCID' <WO 9203459A1> 



WO 92/03459 



PCT/US91/06130 



-70- 



10 



15 



20 



25 



30 



^7-" 9 fr S - AGT * TCTCTA ° MOTT *«^=TT 0 A A ATTCTCT-3. (nt . 

5 • "CATTTATCTAGAAAACATGAACTGTTACCAGCC-S ' (nt. 963 - 
Pri-er M , S • -ACCCTCSAGGCTGAAatctACTTG-3 • (nt . 1 317 . 1333) . 

For cONA synthesis, 10 „g of total PNA from cell llnM „. 
^ in *° « Of 0.0S « Tris-HCl (pH 8 . 3 ) 0 75 H vcl 

Moloney i eu)t la vlru „ r . v . rse trm ^ I 

37 c for l hour. Th. cDKA was precipitated by adding i /10 
volume of 3 k HaOAc (pH 7.0) and 2.5 volum. ,f £ 
ethanol and resuspended in so „1 of ddH s o. pcr w» s carrlel 

™ kci i.s »m Mgci,, 0.01% (w/v) gelatin, 200 dHTP-s 

HI PoT™ °' ^ anti " Ma Prl «" »^ of 

Tao polymerase <Perkin- E l„. r - c .t»., . Hindi!! .ite. and Xbal 

resT r are , Pla ~ d Within »«"« - -nd antisens. primers 
resp.otxv.ly. Th. amplified DNA fr.gm.nt. were purifi a by 

r^IctCn : leCtr ° Ph »" i - «™ vith the approprfatl 

PCS r,-~. The KL-1, KL-2, KL-S and KL-S1* 

PCS product, were digested with HindHI and Xbal and 
subclone into the expression plasmids pCDMS o^pcc^ 

rrtTt'T P«=iPit« t ion. M.xi P r.p piassid DNA 
rl'"t tranaf ~ ti ° n °' ~S-1 cell, was prepared by 
usmg th. -Qiagen- chromatography c lumn pr cedur. 
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RWase Proteetio n Assay 

A riboprobe for RNAse protection assays was prepared by 
linearizing the KL-l containing pcDNAI plasmid with Spei. 
5 The antisense riboprobe was then synthesized by using SP6 

polymerase according to the Promega Gemini kit. Riboprobe 
labelled to high specif ic activity was then hybridized to 10 
or 20 ug of total RNA in the presence of 80% formamide at 
45«c overnight. The hybridization mixture was digested with 
10 RNAse A and Tl (Boehringer-Mannheim) and treated with 

proteinase K (48) and the protected labelled RNA fragments 
were analyzed on a 4% urea/polyacrylamide gel. 
Autoradiograms of RNAse protection assay were analyzed by 
densitometry and parts of the films were reconstructed on a 
Phospholmage analyzer (Molecular Dynamics) for better 
resolution. 

Transient expression of enwAa in eos-i rrf>n« 



15 



20 



For transient expression of KL cDNAs COS-1 cells were 
transfected with the DEAE-dextran method described 
previously (20) with minor modifications. Briefly, COS-l 
cells were grown to subconf luence one day before use and 
were trypsinized and reseeded on 150mm petri dishes at a 
25 density of 6 x io 6 cells per dish. After 24 hours, the 

cells had reached about 70% confluence and were transfected 
with 5nq of plasmid DNA in the presence of 10% DEAE-dextran 
(Sigma) for 6 to 12 hours. Medium containing plasmid DNA 
was removed and the cells were chemically shocked with 10% 
DMSO/PBS++ for exactly l minute. Residual DMSO was removed 
by washing the cells with PBS** twice. Transfected COS-1 
cells were grown in DME plus 10% fetal calf serum, 100 mg/ml 
L-glutamine, and antibiotics. 
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Transfer C os-i cell. wer . Mea f 



incubated with Met^on^-fr" n^":'; V " 
fatal - ™ iOT1,, « rr «« OME containing 10* dialyzed 

period, th. Lb-lling amdbm m ^ v ^ ell i ln » 
»ediu» containing an exc... „ oun t of .SLT xnTd" 

CPHA, and A23187 on the proteolytic cle.vag. of KL, l uh ma 
or 1 «, A23187 was added to the transfected cell^at t£ ^ 
of the labelling period after repi.ce.ent of tie la ^li" 
».diu» with regular Medium The cell. ,„d supernatant"."! 
==ll.=t.d individually ,t the indicated ti..e Tr 
i-unopr.cipit.tion analysis, c.^ lyMt „ p^'j 
described pr.vioualy (35, i„ i% fclten _ 100> „ ^Ts^pH 

inhibitors ph.„yi B .thyl sulfony! chlorid. ,i L, 
of IT"' ? • «™P"-*l«i analyst 

wL^seT " " " " «-»lt antis.ru. 

was used. The anti-KL seru. was conjugated to prot.in-A 

ATiS (PH 7.5), 150 mM NaCl- lot 

9 lycerol> . Anti-KL seru.-prot.in A seph.ro.. con, was 
incubated with supernatant .„d cell ly.,te at 4-c f <Tr " 
least 2 hours. The i m unopr.cipitate. then were washed nc. 

Triton x-ioo o.i* sos, 5 « EDTA, and once in Wash D (10 « 
Tris. o.l* Triton x-loo, . Por gel malyBie 

i»uno P r.ci P it,tes were solubilized in SDS ...pi. buffer £ 
boiling f r 5 .mutes, and analyzed by SDS-PAGE fl2», and 
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aut radiography. 

Petermj nation of biological arrtivn-v n + 9a i uh io ^ 

Mast cells were grown from bone narrow of adult WBB6 +/+ 
mice in RPMI-1640 medium supplemented with io% fetal calf 
serum, conditioned medium from WEHI-3B cells, non-essential 
amino acids, sodium pyruvate and 2-mercaptoethanol (RPMI- 
Complete) as described previously (37) . Non-adherent cells 
were harvested by centrifugation and refed weekly and 
maintained at a cell density of <7 X 10 s cells/ml. The mast 
cell content of cultures was determined weekly by staining 
cytospin preparations with 1% toluidine blue in methanol. 
After 4 weeks, cultures routinely contained >95% mast cells 
15 and were used for proliferation assay. Supernatants fr m 

transfected COS-1 cells were collected from 48 to 72 hours 
after transf ection. The biological activity of soluble KL in 
the supernatants was assessed by culturing BMMCs with 
different dilutions of cos-l cell supernatants in the 
20 absence of il-3. BMMCs were washed three times with 

complete RPMI and grown in 0.2% IL-3. The following day, 
cells were harvested and suspended in complete RPMI (minus 
IL-3) and io 4 BMMCs in loo /xl/well were seeded in a 96-well 
plate. Equal volume of diluted supernatant was added to 
each well and cultures were incubated for 24 hours at 37 »C, 
2.5 MCi of [ 3 H]-thymidine/well was then added and incubation 
was continued for another 6 hours. Cells were harvested on 
glass fiber filters (GF/C Whatman) and thymidin 
incorporation was determined in a scintillation counter. 
Assays were performed in triplicate and the mean value is 
shown. Standard deviations of measurements typically did 
not exceed 10% of the mean values. 
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Experimental R^«»Ttff 



tranga^inbrane form of m , P mto^ 

A cDNA clone, which had been isolated from a mouse 3T3 
fibroblast library and contained most of the KL coding 
sequences (267 amino acids) , has been described herein. l„ 
an attempt to obtain the complete cDNA sequences 
corresponding to the 6.5 kb KL mRNA, a plasmid cDNA library 
was constructed by using polyA* RNA from Balb/c3T3 
fibroblasts. The plasmid vector pcDNAI which was used for 
this purpose is a mammalian expression vector in which cDNA 
xnserts are expressed from a CHV promoter and contains an 
SV40 orxgxn of replication for transient expression in cos 
cells (Invxtrogen). The library was screened with 
oligonucleotide probes corresponding to N-terminal and c- 
termxnal KL coding sequences as described herein. A cDNA 
clone which contains the complete KL coding sequences as 
well as 5. and 3 » untranslated sequences was obtained. The 
nucleotide sequence of this clone (Figure 17) is in 
agreement with the previously published sequences except for 
a sxngle base change at position 664 which results in the 
substitution of serine 206 to alanine (2,38). 

The analysis of murine KL cDNA clones by Anderson and 
collaborators indicated a spliced cDNA with an inframe 
deletion of 48 nucleotides suggesting the presence of 
30 al ^™tively spliced KL RNA transcripts in KL expressing 

cells (2). to identify alternatively spliced KL RNA 
transcripts in rna from tissues and cell lines, the rt-PCR 
method was used. The primers used corresponded to the 5' 
and 3 • untranslated r gi ns of th KL cDNA and were modified 
to contain unique restriction sites. Electr phoretic 
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analysis of th RT-PCT reaction products sh wn in Figur is 
indicates a single fragment of approximately 870 bp in the 
samples from Balb3T3 cells and brain, whereas in the samples 
from spleen, testis and lung two fragments were seen 
5 approximately 870 and 750 bp in size. For further analysis 

the two PGR reaction products were subcloned int the 
mammalian expression vector pCDMS. DNA sequence analysis 
first indicated that the larger PCR product corresponds to 
the known KL cDNA sequence, subsequently referred to as KL- 
10 1. i„ the smaller PCR product, however, a segment of 84 

nucleotides of the KL coding sequences was lacking 
generating an inframe deletion. The deletion endp ints 
corresponded to exon boundaries in the rat and the human KL 
genes and it is quite likely that these boundaries are als 
L5 conserved in the mouse gene (27). Therefore, the smaller 

PCR product appeared to correspond to an alternatively 
spliced KL RNA transcript, designated KL-2. The exon 
missing in KL-2 precedes the transmembrane domain; it 
contains one of the four N-linked glycosylate sites and 
includes the known C-terminus (Ala-166 and Ala-167) of the 
soluble form of KL (58) . KL- 2 therefore is predicted to 
encode a truncated version of KL-l which is presumably 
synthesized as a transmembrane protein (Figures 17 and 19) . 
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KL-2 Tff fixpregffpd Tn a Ti«« nT « * Pee jfH,. WfUin r r 

The alternatively spliced transcript KL-2 had been detected 
m spleen, testis and lung RNA, but not in fibroblasts and 
brain RNA, suggesting that the expression of KL-2 may be 
controlled in a tissue specific manner, m order to address 
this question in more detail the steady state levels of KL-l 
and KL-2 RNA transcripts in RNA were d termined from a wide 
variety of tissues by using an RNAse pr tection assay. 
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pcDNAI plasmid c ntaining the KL-1 cDNA was linearized with 
spel in order to generate an RNA hybridization probe of 625 
nucleotxdes by using SP« RHA polymerase. The probe was 
hybridized with 20 Mg of total RNA from Balb/c 3T3 
fibroblasts, brain, spleen and testis of a 40 days old 

"r:- spleen a _ nd kidn - of - — — - - 



. J mouse and 

STILL ^ P - e - } - 8aBPleS ^ ^sted 

with RHAs. and the reaction produ=ts 

electrophoresis in . 4* ur.. /P oly.cryla.id. g .i. ^ the * 

experiments kt_i ^ . nese 



exp-r^t. KL-1 mPHA ptt ^ atmA . singl . nt ~ 

^Vr* K1 '- 2 P~t-t- M of 449 and 4 2 

«b !? *' 8hOMn lB «■«» 20, i„ ,Balb/c3T3 

fibroblasts KL-x i. the predominant transcript whereas the 

I . y detectabl «- In "rain and thy™. kl-i i. the 

predominant transcript, but in ep.on. tasis, placenta, heart 
and oarabaiiun both KL-1 and KL- 2 transcripts ar. seen In 

Z^l' IT"' ^ " ti0 " «- KL - 1 <° *» tissues 

determined by densitometry in brain i, 26:1, in bona Mrrow 
3.1, in spleen ll5ll and ln te . tis 

These result, suggest that the expression of £1 and"^ 
i« regulated in a tissue-specific Banner. . 

Although KL was purified from conditioned medium of Balb/c 
3T3 cells and is a soluble protein, the predicted amino acid 
•equence. for KL-1 and KL- 2 suggest that these proteins ar. 
membrane-associated. i„ order to inv . stlgat . ^ 

relationship of KL-S with the KL-1 and KL-2 protein products 
their biosynth.tic characteristics were determined. The KL- 
1 and KL-2 cDNAs, prepared by RT-PCR, were subcl ned int 
the HindUI and xbal site, f the express! n v ct r. pcDNAI 
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r pCDMS f r transient expression in cos-i cells. To 
facilitate transient expression of the KL-1 and KL-2 protein 
products COS-l cells were transf ected with the KL-i and KL-2 
plasmids by using the DEAE-dextran/DMSO protocol as 
5 described herein. KL protein synthesis in the cos-1 cells 

was shown to be maximal between 72 to 96 hours subsequent to 
the transf ection. In order to determine the biosynthetic 
characteristics of the KL-1 and KL-2 proteins pulse-chase 
experiments were carried out. 72 hours subsequent to 
10 transfection, cultures were labeled with 35 S-methionine 

(0.5mCi/ml) for 30 minutes and then chased with regular 
medium. The cell lysate and supematants then were 
collected at the indicated times and processed for 
immunoprecipitation with anti-KL antiserum, prepared by 
immunizing rabbits with purified murine KL, and analysis by 
SDS-PAGE (12%) . in cells transfected with the KL-1 plasmid, 
at the end of the labelling period, KL specific protein 
products of 24, 35, 40 and 45 JcD are found (Figure 21). 
These proteins presumably represent the primary translation 
20 product and processed KL protein products which ar 

progressively modified by glycosylation. Increasingly 
longer chase times reveal the 45 kD form as the mature KL 
protein product and it is quite likely that this protein 
represents the cell membrane form of KL. In the supernatant 
beginning at 30 minutes a 28 JcD KL protein product is seen 
which, with increasing time, increases in amount. Two minor 
products of 38 and 24 JcD were also found with increasing 
time. These results are consistent with the notion that KL- 
1 is first synthesized as a membrane-bound protein and then 
30 released into the medium probably through proteolytic 

cleavage. 

A pulse-chas experiment of COS-1 cells transfected with the 
KL-2 plasmid is shown in Figure 20. The KL-2 protein 
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pr duets are processed efficiently to produce products of 32 

T^ Jl™, ^ llk<,ly to0lUd " ~— «» "-bLe 
for. Of KL-2. The eel! .^.ran. £orB of ^ ^ ~ 

^" «- ««— P— 1-» KL-x profin with . h.lf-i ife of M ^ 
than 5 hours. In th. c.Xl supernatant, after 3 hour! ! 
.olubXe for. of KL-2 of approxi-tely 20 kD Z seen T he 
appearance and accumulation of th. soluble for. of KL- 2 in 
the cell sup^tant is delayed ccpared with that o, kl-x 
xn aare«.„t wxth less efficient proteolytic processing of 
the kl-2 protein product. m kl-2, a. , result t 
aitematxve splicing, sequence, which include th. known c! 
ter-xnu. of th. solubl. for. of KL and thus the presumed 
cleavage sxte of KL-X is .issing. Proteolytic cleavage of 

^te'wh^ch f!"' P " SUBably » secondary cleavage 

T-llZir, Pre " ent in ^ KL " 1 «* ^ther on the 

Le^ l „" C -" raiMl »' the serenes encoded by 

the deleted exon. A 38 kD KL-X protein product seen i„ th . 
supernatant M y represent a cXeavag. product which involves 
a cieavage sit. near the transmenbran. dosain (Figure X9, . 

ProtW l Ytir- proce^inr, nf KT-1 m r J in roe 

2l£^ n T* B ° C indU= ' r PHK l ' taOWn t0 *»=i"tat. 
proteolytxc cleavage of cell .e^ran. protein, to produc. 

soluble ferns of th. .xtra-cellular do-in of these pro^ns 

as shown with the exa. P Xes of th. CSP-X receptor, the c"" 

«=.ptor and TGF-a (13,4). Th. .ffect of PH» tr.at.ent „ 

«rir° h 8yBt l" iC ota »««***- « KL-1 «d KL-2 in COS-X 
sh™ h "„ baen d =t.r.i„ed. The pulse-chas. .xp.ri..nt. 
shown xn Fxgure 22B indicate that PHA indues th. rapid 
cleavage of both KL-X and KL-2 with si.ilar kinetics and 

SdL? 'T" e * KL " 1 " nd KL - 2 Pr0tein •« 
xndistinguxshable fro. thos btained in the absenc of 
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inducer. These results sugg st that the proteolytic 
cleavage machinery for both KL-1 and KL-2 is activated 
similarly be PMA. On one hand this may mean that two 
distinct proteases, specific for KL-1 and KL-2 respectively, 
are activated by PHA or alternatively, that there is one 
protease which is activated to a very high level which 
cleaves both KL-1 and KL-2 but with different rates. The 
major cleavage site in KL-1 based on the known C-terminal 
amino acid sequence of rat KL, includes amino acids PPVA A 
SSL (186-193) and may involve an elastase like enzyme 
(22,34). The recognition sequence in KL-2, based on the 
arguments presented above, presumably lies C-terminal of th 
deleted exon and therefore might include amino acids RKAAKA 
(202-207) and thus could involve an enzyme with a 
15 specificity similar to the KL-1 protease, alternatively, it 

could be a trypsin-like protease. The effect of the calcium 
ionophore A23187 on KL cleavage has been determined. Both 
KL-1 and KL-2 cleavage is accelerated by this reag nt 
indicating that mechanisms that do not involve th 
activation of protein kinase C can mediate proteolytic 
cleavage of both KL-1 and KL-2 (Figure 22C) . 

^ i olocrical activity of the released p . nrotgin nrodurts 



To test the biological activity of the released KL prot in 
products, the supernatants of transfected COS-l cells were 
collected 72 hours after transfection and assayed for 
activity in the mast cell proliferation assay. Bone marrow 
derived mast cells (BMMC) were incubated for 24 hours with 
different dilutions of the collected supernatants and 
assayed for 3 H-thymidine incorporation as described 
previously (Figure 23). Supernatants from KL-l 

transf ectants produced 3 t 5 times m re activity than KL-2 
transf ectants in agreement with the differential r 1 ase f 
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s luble Kt from KL— 1 and KL— 2 . Importantly the proteins 
released frOT both th. Kl-1 and th . transrectal 
appeared to display similar specific activities in ttfmTst 
ell proliferation assay. * 

the cvfc« P T fBr j~ doma^n p 

to C Iicr h Zy ' OU * Sl " — Vlable > in 

t= mice homozygous for th. £i . lle i e . although they lac* 

c^ p :n:::- " e r eriie and ha ™ — 

= kit receptor system in these mice, therefore, appears to 
^splay some residual activity. The sl< mutation affects 
the three cell lineages to similar degree, suggesting ^ 
the mutation affects an intrinsic propLy of S " 

sZT'** "° leCUlar « ^coding 

PCR clonxng technology. Pri M ry ^ryo fibroblast, fro. J 
/+ embryo -« *«ived by .tandard procedure. ™ 
prepared fro. „- /+ embryo fibroblasts and differ^n^s 

a^entT' T* ^ MPll,y « region p .yT„ g 

attention to th. possibility that sl« is a deletio! 
mutton RT PCR amplification by using „« /+ to^l^ana 

a mobilitv h Pr0dUCad DNA ' ragi,Mt «»* «** 
fibrlb, ld r tlCal t0 » f Product obtained from 

+/+ fibroblast RNA and sequence determination showed it to 

Tr*™^T gUi ° h * bl ° £r °" k »~» ^ ..<r»nce. This 

fragment therefor, pr.su.ably r.pr...„ted the normal allele. 

850 and 1070 bp DNA fragmants obtained with primers 1 - 3 
and 1 * 4 were subcloned into pCDHS and then sequenced. In 
th. KL-si* cdha th. segment fr m nucl. tid . S £ to ,02 0" 
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the wild-type s quence is deleted, instead, a sequence of 67 
bp vas found to be inserted (Figure 17). The deletion 
insertion results in a termination codon three amino acids 
from the 5' deletion endpoint. The predicted amin acid 
sequence of KL-Sl d cONA consists of amino acids 1-205 f 
the known KL sequence plus 3 additional amino acids (Figures 
17 and 19). The KL-Sl d amino acid sequence includes all 
four N-linked glycosylation sites and all sequences 
contained in the soluble form of KL, while the transmembrane 
and the cytoplasmic domains of wild-type KL-1 are del ted. 
Consequently, the KL-Sl d protein product is a secreted 
protein, which displays biological activity. 

Biggvnthetic Characteristic * n d Biolo^r - al AeHvH^ n f Th - 
15 KL-Sl d and KL-S Protein PT-nrii^ff 

For comparison with the KL-Sl d protein product, a truncated 
version of KL-1 was made, designated KL-S, in which a 
termination codon was inserted at amino acid position 191 
which is the presumed C- terminus of the soluble KL protein. 
COS-1 cells were transfected with the KL-Sl d and the KL-S 
plasmids and pulse-chase experiments were carried out t 
determine the biosynthetic characteristics of the two 
protein products. The KL-Sl d protein product is rapidly 
processed, presumably by glycosylation and then secret d 
into the medium, where the major 30 JcD species is found 
after as early as 30 minutes of chase time and then 
increases in amount thereafter (Figure 24). The 
biosynthetic characteristics of the KL-S protein products 
are very similar to those of KL-Sl d (Figure 24) . Again, 
with increasing time increasing amounts of secreted material 
are detected in the medium, conversely the cell associated 
KL-S pr tein products decrease with time. 
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T assess the biological activity of th secreted KL-si* and 
KL-S protein products, mast cell proliferation assays were 
performed. The medium from transfected cos-i cells was 
collected 72 hours after transfection and then different 
dilutions were used to assess proliferative potential 
conferred on BMMC in the absence of il-3. Both samples 
contained significant biological activity that exceeded that 
of KL-l to some degree (Figure 23). Taken together, these 
results demonstrate convincingly, that the KL-S1* protein 
products are secreted and are biolo^-My 

Experimental pj peusgio n 

The demonstration of allelism between c-*i£ and the murine 
H locus brought to light the pleiotropic functions of the c- 
KiS receptor in development and in the adult animal and 
facilitated the identification of its ligand KL. The recent 

fu^Z ery ° f all : li8B h * tV& * n " ^ «- ^ locus, 

furthermore provided a molecular notion of the relationship 
between the and the fi! mutations which had been 

anticipated by mouse geneticists based on the parallel and 
complementary phenotypes of these mutations. The predicted 
transmembrane structure of kl implicated that, both, 
membrane-associated and soluble forms of KL play significant 
roles in c-*i* function, in this application, experimental 
evidence for this conjecture is provided. 

it^:^, 13 ShOWn **** thS 8 ° 1Uble £or * of tt is aerated 
by efficient proteolytic cleavage from a transmembrane 
precursor, KL-l. second, an alternatively spliced versi » 
of KL-l, KL-2, in which the major proteolytic cleavage site 
xs removed by splicing, is shown to produce a soluble 
bx logically active f rm f KL as well, although, with 
s mewhat diminished efficiency. Third, cleavage f KL-l and 
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KL-2 in COS-1 c lis is a process that can be modulated. 
Fourth, KL-i and KL-2 are expressed in a tissue-specific 
manner. Furthermore, the viable £lf mutation was shown to 
be the result of a deletion that includes the C-terminus of 
the KL coding sequence including the transmembrane domain 
generating a biologically active secreted form of KL. The 
phenotype of mice carrying the £l£ allele provides further 
support for the concept for a role for both the secreted and 
the cell membrane- associated forms of KL in c-fci£ function. 

Because of the close evolutionary relationship of c-fcifc with 
CSF-1R it was reasonable to predict a relationship between 
the corresponding growth factors, KL and CSF-l, in regards 
to both structural and topological aspects. Alternatively 
spliced forms of CSF-l mRMAs are known to encode protein 
products which differ in sequences N-terminal of the 
transmembrane domain, a spacer segment of 298 amino acids 
located in between the ligand portion and the transmembrane 
domain of the protein (43). m addition, alternatively 
20 spliced CSF-l RNA transcripts differ in their 3- 

untranslated regions (21) . Analysis of KL RNA transcripts 
in several tissues identified an alternatively spliced . KL 
RNA in which, similar to the situation in CSF-l, the spacer 
between the presumed ligand portion and the transmembrane 
25 domain is deleted. Interestingly, the expression of this 

alternatively spliced RNA product is controlled in a tissue 
specific manner. A recent comparative analysis of the 
ligand portions of KL and CSF-l indicates structural 
homology between the two proteins based on limited amino 
30 acid homology and the comparison of corresponding exons and 

matching of "exon-encoded secondary structure" (4). 
Furthermore, the super position of 4 a-helical domains and 
cysteine residues which form intra-molecular disulfide bonds 
implies related tertiary structures f r the ligand d mains 
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of KL and CSF-i; and to ho » logy seen ln H-terminal 
,r, Pti<lM ' *** tr,u »» e - b «™ domains and the 

ptoteinT ™ iDP ° rtant '"notion, in the two 

proteins. results ttrm ^ tWB 

n^T y r - latlOM " P -o-oxooy bTtween 2 



1Q 



15 



20 



25 



30 



Aunaqu. feature of KL i. its predicted tripartite structure 

" ^rr^- ^ £0rBS °< tt ' — 
Processed " traM "» te «>« ~i- which are 

processed by proteolytic cleavage to release « soluble 

step^in"^. T 1VB , ^ «- Pressing 

"ep „ the two forms follows differing kinetics al 
determined in the cos cell syste*. Proteolytic cl.^g. " 
prctet I • " ^ afrioient < *» —t«»t. the KL- 2 

TnTse!" " abla " " 8i8tant t0 ~-***« cleavage. 

The sequences encoded by the delete exon, amino acids !74- 

201 xnclude the C-terminu. of the soluble KL protein and the 

presumed proteolytic cleavage sit. (27) . * second^ or 

=!."v.ge 8 " i ht 9<,ne " te ^ S ° 1Uble — «*I 

Pr'teXT ^ ~ in0th ' r ~— • »» induction of 

orotic w °* KL " 1 anC, KL " 2 *" C0S - 1 "y the 

Lrisv sut nas : c activator m Md * *- — - 

A23187 suggests that in different cell types this process 
«y be subject to differential regulation. Interestingly 
the soluble KL-2 protein diaplaya norMl 

-Ucatmg that the sequence, encoded by «? deleted «on 
are not essential for this activity. 

on on. hand. KL-1 and KL-2 in tn.^ neBbran . aasociatad 
versxon, «ay funeti n t ^ sigMi 

contact or, alternatively, they Bight functi „ as cell 
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adhesion m lecul s (19, 26). on the other hand, the soluble 
forms of KL are diffusible factors which may reach the 
target cell and its receptor over a relatively short or 
longer distances. But the soluble forms of KL might also 
become associated with, or sequestered in the extracellular 
matrix, in an analogous fashion to fgf, LIF or int-i, and 
thus function over a short distance similar to the membrane- 
associated form (8,33,42). When cell membrane-associated, 
KL may be able to provide or sustain high concentrations of 
a localized signal for interaction with receptor-carrying 
target cells. In turn the soluble form of KL may provide a 
signal at lower and variable concentrations. c-kit is 
thought to facilitate cell proliferation, cell migration, 
cell survival and post-mitotic functions in various cell 
15 systems. By analogy with the CSF-1 receptor system, the 

cell survival function and cell migration might require 
lower concentrations of the factor than the cell 
proliferation function (55). The cell membrane-associated 
and the soluble forms of KL then may serve different aspects 
20 of c-fclfc function. Both the CSF-i receptor and c- kit: can be 

down-regulated by protein kinase C mediated proteolytic 
release of the respective extracellular domains (13) . - The 
functional significance of this process is not known but it 
has been hypothesized that the released extracellular domain 
25 of these receptors may neutralize CSF-1 and KL, 

respectively, in order to modulate these signals. In some 
ways proteolytic cleavage of KL results in a down modulation 
of c-kJLt function and the processes, therefore, may be 
considered as complementary or analogous. In summary, the 
synthesis of variant cell membrane-associated KL molecules 
and their proteolytic cleavage to generate soluble forms of 
KL provide means to control and modulate c- kit function in 
various c 11 types during development and in the adult 
animal . 
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™ ' Opp0rtttnlt * to -valuata th role f th. soluble 
form of KL during development and in .dult animals was 
provided through the characterization of th. molecular Jill 
ot t*. ^ . uU ti,„. xbe ^ allel . „ codes T s"=ret.d 
version of the KL pr=t.i„ ,„ Q no associat'lform* 

as . result of a deletion which includes T 

ao ,,,, . xncxuaes the transmembrane 

domain and the c-t^inu. of KL. Th. biological 
characteristics of ^ /Sll an d ^ ^ ^ „. J^J 

£L£Z a T role of " olubl * — «- — ™- 

associated forms of KL. ai/Sl* mic produce only the si" 

The". 1 :' al " Ce " all ' la 18 * tt """-utatio/c^ff: 
These mxc. are viable and are characterized by , sever. 

~ — « =.n., j CJC of rn 

pxgmentatxon and infertility. In most aspects of their 
-utant phenotype. these mice resemble Hz/mic 
However 8 om. significant difference. exist. Th. 

mtcf",« e ., a f Pear t0 BO " — *° "yP^ia than » /B v 
nr!Ll, , ' ^ " 9ardS t0 aa »«°o«n.sis in H/K" mice 
primordial germ cell, do not proliferate and their .igrati n 
x. retarded <3 2 > . x„ Si/Sif embryo, primeval g.rTce 1. 
sxmxlar to H/H .mbryo. do not proliferate, however £ 
remaxnxng cells appear to migrate prepay ^ rMch 

the gonadal rxdges at th. appropriat. tim. of d.v.Lpm.„t 

tte'sl- *? e " e3CPeriMnt " ~ hypothesize that 

^ "K"* P " tein Pr0duct -ustain cell migrati n 

but not cell proliferation and consequently th. c.ll 

P " llf «" tlve of c-JOS. Furthermore, si,si< 

ribroblast. do not support th. prolif nation and maintenanc 
of bone marrow mast cells in the absence of a-,. i„ 

11TT ,*° n0rDil *" bry0 tU >*°>*"*> «*ich have this 
JL' P r Vided "** toe S1/Sld "—blast "deed 
Sl/Sl fxbr blasts to support th. pr lifration of mast 
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cells, n ne hand, may indicate that the am unt of soluble 
KL-Sl d protein which is released by these cells is n t 
sufficient to facilitate proliferation; on the other hand, 
these results may suggest that there is a critical role for 
the cell membrane associated form of KL in this process. 
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What is claimed is; 

1. A purified mammalian protein corresponding to a 
c ""fcifc ligand which comprises a homodimer of two 
polypeptides, each polypeptide having a molecular 
weight of about 30 kilodaltons and an isolectric 
point of 3.8. 

2. A purified mammalian protein of claim l, wherein 
the mammalian protein is a murine protein. 

3. A purified mammalian protein of claim l, wh rein 
the mammalian protein is a human protein. 

4. A purified mammalian protein corresponding to a 
c-kj£ ligand which comprises a homodimer f two 
polypeptides, each polypeptide having a molecular 
weight of about 30 kilodaltons, an isolectric 
point of 3.8, and wherein the two polypeptides 
are linked by a disulfide bond. 

5. A pharmaceutical composition comprising the 
purified mammalian protein of claims 1 or 4 and a 
pharmaceutically acceptable carrier. 

6. A pharmaceutical composition for the treatment of 
leucopenia in a mammal, which comprises an 
effective amount of the pharmaceutical 
composition of claim 5 and an effective am unt 
of a factor selected from the group consisting of 
G-CSF, GM-CSF and IL-3, effective to treat 
leucopenia. in a mammal. 



7. 



A pharmaceutical composition f r the treatment f 
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anemia in a mammal, which comprises an effective 
amount of the pharmaceutical composition of claim 
5, and an effective amount of epo or il-3 
effective to treat anemia in a mammal. 

8. A pharmaceutical composition for enhancing 
engraphment of bone marrow during transplantation 
in a mammal, which comprises an effective amount 
of the pharmaceutical composition of claim 5 and 
an effective amount of IL-1 or IL-6, effective to 
enhance a graftment of bone marrow during 
transplantation in a mammal. 

9. A composition for enhancing bone marrow recovery 
xn treatment of radiation, chemical or 
chemotherapeutic induced bone marrow aplasia or 
myelosuppression which comprises an effective 
amount of the pharmaceutical composition of claim 
5 and an effective amount of IL-1, effective to 
enhance bone marrow recovery in a mammal. 

-0. A composition for treating acquired immune 
deficiency syndrome (AIDS) in a patient which 
comprises a „ effective amount of the 
pharmaceutical composition of claim 5 and an 
effective amount of AZT or G-CSF, effective t 
treat AIDS in a patient. 

A pharmaceutical composition for treating nerve 
damage in a mammal, which comprises an effective 
amount of the pharmaceutical composition of claim 
5, effective to treat nerve damage in a mammal. 

12. A composition for treating infants exhibiting 
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symptoms of defective lung development which 
comprises an effective amount of the composition 
of claim 5, effective to treat infants exhibiting 
symptoms of defective lung development. 

13. A composition for the prevention of hair loss in 
a subject which comprises an effective amount of 
the pharmaceutical composition of claim 5, 
effective to prevent hair loss in the subj ct. 



A composition for inhibiting the loss of pigment 
in a subject's hair, which comprises an eff ectiv 
amount of the pharmaceutical composition of claim 
5, effective to prevent the loss of pigment in 
15 the subjects hair. 

15. An isolated nucleic acid molecule which encodes 
an amino acid sequence corresponding to a c- klt 
ligand (KL) . 



20 

16. 



25 17, 



18, 

30 



An isolated nucleic acid molecule of claim 15, 
wherein the c-fci£ ligand (KL) is a human c-)eit 
ligand (KL) . 

An isolated nucleic acid molecule of claim 15, 
wherein the c-kjj; ligand (KL) is a murine c-kit 
ligand (KL) . 

An isolated nucleic acid molecule of claim 15, 
wherein the nucleic acid molecule is a DMA 
molecule. 



19. The DNA molecule f claim 18, wherein the DNA 
m lecule is a cONA m lecule. 
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20. A nucleic acid m lecule f claia is, wher in the 
nucleic acid aolecule is an RNA molecule. 

21. An isolated nucleic acid molecule of claim is, 
encoding a soluble c-leit ligand (KL) . 



22. 



An isolated nucleic acid aolecule of claim 21 
wherein the soluble c-fci£ ii gan d is a soluble 
human c-&ifc ligand. 

23. An isolated nucleic acid aolecule of claim 21 
wherein the soluble c-fcifc ligand is murine. 



24. 



An isolated nucleic acid molecule of claim 21 
wherein the nucleic acid molecule is a DNA 

molecule. 

25. The DNA molecule of claim 24, wherein the DNA 
molecule is a cDNA molecule. 



26. 



An isolated nucleic acid molecule of claim 21 
wherein the isolated nucleic acid molecule is an 
RNA molecule. 

27. The isolated nucleic acid molecule of claim 15 r 
21 wherein the isolated nucleic acid molecule is 
operatively i inke d to a promoter of RNA 
transcription. 

28. A vector which comprises the isolated nucleic 
acid molecule of claim 15 or 21. 



A vector of claim 28 which c mprises a plasmid. 
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30. a veet r f claim 28 which c mprises a virus. 

31. a host vector system for the production of an 
amino acid sequence which is the c- kit ligand 
which comprises the plasmid of claim 29 in a 
suitable host. 
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32. A host vector system of claim 31, wherein the 
suitable host is a eucaryotic cell. 



33, 



34 



A host vector system of claim 32, wherein the 
eucaryotic cell is a mammalian cell. 

A host vector system of claim 32, wherein the 
eucaryotic cell is an insect cell. 



35. a host vector system of claim 32, wherein the 
eucaryotic cell is a yeast cell. 

36. A host vector system of claim 31, wherein th 
suitable host is a procaryotic cell. 

37. A c-fci£ ligand (KL) polypeptide wherein the c- kit 
ligand (KL) polypeptide comprises a fragment of 
the protein of claim 1. 

38. A mutated c-fcl£ ligand (KL) polypeptide wherein 
the biological activity mediated by the binding 
of the ligand to the receptor is destroyed. 

39. A substance capable of specifically forming a 
complex with the c-kj£ ligand (KL) polypeptide of 
claim l or 37. 
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40. The substance f claim 39, wherein the substance 
is a monoclonal antibody. 

41. The substance of claim 40 , wherein the monoclonal 
antibody is a human monoclonal antibody. 

42. The c-fci£ ligand (KL) polypeptide of claim 37 
conjugated to an imageable agent. 

43. The c-*4* ligand (KL) polypeptide of claim 42 
wherein the imageable agent is selected from the 
group consisting of radioisotopes, dyes or 
enzymes . 

44. The c-*i£ ligand (KL) polypeptide of claim 1 or 
38 conjugated to a therapeutic agent. 

45. The c-fci£ ligand (KL) polypeptide of claim 44 
wherein the therapeutic agent is selected from 
the group consisting of toxins, chemotherapeutic 
agents or radioisotopes. 

46. A method for producing a c-fci* ligand (KL) 
polypeptide which comprises growing the host 
vector system of claim 43 under suitable 
conditions permitting production of the c-JOjfc 
ligand (KL) polypeptide and recovering the 
resulting c-JO£ ligand (KL) polypeptide. 

47. The c-&i£ ligand (KL) produced by the method of 
claim 46. 

48. a pharmaceutical composition which c mprises the 
mutated c-JOi ligand of claim 38 and a 
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phannaceutically acc ptabl carrier. 

. A method of modifying a biological function 
associated with c-fci£ cellular activity which 
comprises contacting a cell, whose function is to 
be modified, with an effective amount f the 
pharmaceutical composition of claim 5, effective 
to modify the biological function of the cell. 

The method of claim 49, wherein the biol gical 
function is the propagation of a cell that 
expresses c -kifc . 

The method of claim 50, wherein the cell which 
expresses c-fcifc is a hematopoietic cell. 

The method of claim 49, wherein the biol gical 
function is in vl£ca fertilization. 

A method of modifying a biological functi h 
associated with c-kj£ cellular activity in a 
patient which comprises administering to the 
patient an effective amount of the pharmaceutical 
composition of claim 5, effective to modify the 
biological function associated with c- kit 
function. 

A method of stimulating the proliferation of mast 
cells in a patient which comprises administering 
to the patient an effective amount of the 
pharmaceutical composition of claim 5, effective 
to stimulate, the proliferation of the mast cells 
in the patient. 
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55. A method f inducing differentiation of mast 
cells in a patient which comprises administering 
to the patient an effective amount f the 
pharmaceutical composition of claim 5, which is 
effective to induce differentiation of the mast 
calls. 

56. A method of inducing differentiation of erythroid 
10 Progenitors in a patient which comprises 

admxnxstering to the patient an effective amount 
of the pharmaceutical composition of claim 5 
which is effective to induce dif ferentiati n f 
the erythroid progenitors. 

A pharmaceutical composition for the treatment of 
leukemia in a mammal which comprises an effective 
amount of the pharmaceutical composition of claim 
5 and an effective amount of GM-CSF, effective t 
treat leukemia in a mammal. 



15 57. 



58. a method of treating leukemia in 



a mammal which 

comprises administering to the mammal an 
effective amount of the pharmaceutical 
25 composition of claim 54, effective to treat the 

" leukemia. 



59. 

30 

60. 



A method of treating leukemia according to claim 
58, wherein the leukemia is acute myelogenous 
leukemia . 

A method of treating leukemia according to claim 
58, wherein the leukemia chronic myelogenous 
leukemia . 
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61. A method of treating allergies in a patient which 
comprises administering to the patient an 
effective amount of the pharmaceutical 
composition of claim 5, effective to treat the 
allergy. 

62. A method of treating melanoma in a patient, which 
comprises administering to the patient an 
effective amount of the composition of claim 5, 
effective to treat the melanoma. 

63. A method for the treatment of leucopenia in a 
patient which, comprises administering an 
effective amount of the composition of claim 6. 

64. A method for the treatment of anemia in a patient 
which comprises administering an effective amount 
of the composition of claim 7. 



20 65. 



25 66. 



A method for enhancing engraftment of bone marrow 
during transplantation in a patient which 
comprises administering an effective amount of 
the composition of claim 8. 

A method of enhancing bone marrow recovery in 
treatment of radiation , chemical, or 
chemotherapeutic induced bone marrow aplasia r 
myelosuppression which comprises treating 
patients with therapeutic effective doses of the 
composition of claim 9. 

67. A method of treating acquired immune defici ncy 
in a patient which c mpris s administering to th 
patient a therap utically ef f ctive am unt f th 
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c op sition of claim io. 



68. a method for enhancing transfection of early 
hematopoietic progenitor cells with a gene which 
comprises: 

a) contacting early hematopoietic cells 
with the polypeptide of claim l; 

b) and transfecting the cultured cells of 
step (a) with the gene. 

69. The method of claim 61, wherein the gene encodes 
for antisense RNA. 

70. a method of transferring a gene to a mammal which 
comprises : 

a) contacting early hematopoietic 
progenitor cells with the polypeptide 
of claim l; 

b) transfecting the cells of (a) with, the 
gene; and 

c) administering the transfected cells of 
(b) to the 

71. The method of claim 70, wherein the gene encodes 
for antisense RNA. 

72. a method of treating nerve damage in a subject 
which comprises administering to the patient 
therapeutically an effectiv amount of the 
polypeptide f claim 11. 



BNSDOCID: <WO 92034SSA1 > 



WO 92/03459 PCT/US9 1/06 130 



-109- 



73. A method f treating infants exhibiting symptoms 
of defective lun^ development which c mprises 
administering to the infant a therapeutically 
effective amount of the polypeptide of claim 12. 

5 

74. a method of preventing the loss of hair in a 
patient which comprises administering to the 
patient an effective amount of the composition of 
claim 13. 

10 

75. A method of inhibiting the loss of pigment in a 
subject's hair which comprises administering to 
the subject an effective amount of the 
composition of claim 14. 

15 

76. A method for measuring the biological activity f 
a c-Kit (KL) polypeptide which comprises: 

a) incubating normal bone-marrow mast cells 
20 a sample of the c-kit ligand (KL) 

polypeptide under suitable conditions such 
that the proliferation of the normal bone- 
marrow mast cells are induced; 

25 b) incubating doubly mutant bone-marrow mast 

cells with a sample of the c -klt ligand (KL) 
polypeptide under suitable conditions; 



30 



c) incubating a. and b. with 3 H-thymidine ; 

d) determining the amount of thymidine 
incorporated into the DNA of the normal 
bone-marr w mast cells and the doubly mutant 
bone-marrow mast cells; and 
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e) 



comparing the amount £ incorporation of 
thymidine into the normal bone-marrov mast 
cells against the amount of incorporation of 
thymidine into doubly mutant bone-marr w 
mast cells, thereby measuring the biological 
actxvity of c-fci* ligand (KL) polypeptide. 
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MKKTQTWIITCIYLQ25 
GCGGTGCCTTTCCTTATGAAGAAGACAQUUkCTTGGATTATCACTTGCATTTATCTTCAA 

L L L *p"*H Pl'vKt'k E I © G N PVTQ 35 
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